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OIL IN PEACE AND WAR’ 
by 
A. C. HARTLEY, C.B.E. 


Mr. A. C. HARTLEY, C.B.E., formerly Chief Engineer, Anglo-Iranian Oil Company Ltd., 
and Technical Director, Petroleum Warfare Dept., 1942-1945, in delivering this 
discourse, covered his subject broadly with the help of slides and cinematograph films. 
Without these it is only possible to touch on some of the highlights. The substance of 


the discourse is printed below. 


Early History 

James YounG, a Glasgow chemist, refined 
lighting and lubricating oil from crude 
mineral oil seeping in Derbyshire coal 
measures in 1847, but the supply was too 
limited for the establishment of an industry. 
Believing the crude oil had been produced 
from coal by underground heat, he studied 
its artificial production. 

In 1850, the 20th Annual Meeting of 
the British Association was held in 
Edinburgh and it may well have been at 
that meeting that he received the inspira- 
tion which led him to take out patents 
that same year describing processes of 
distillation and of refining by chemical 
treatment which are in use today. Be 
that as it may, he certainly established a 
plant the next year at Bathgate, near 
Edinburgh, to produce oil from rich 
Cannel coal, and when that was in turn 
exhausted in 1858, he devised means for 
making similar products economically 
from the much leaner but more abundant 
oil shale. The Scottish Shale Oil industry 
was thus founded and continues to produce 
oil today by similar methods. 

_ The first natural oil well was discovered 
in the United States in 1859 by Colonel 
Drake. Being much easier to produce 
and refine than oil from oil shale, com- 
mercial development was rapid. Within 
10 years of Colonel Drake’s discovery, 
crude oil was being produced in Rumania, 
Russia, Italy and Canada and by 1900 in 
Poland, Japan, Germany, India, the 

1 Evening discourse delivered at Belfast on 


September 5, 1952, during the Annual Meeting of 
the British Association. 


Dutch East Indies and Peru also. Dis- 
coveries in Mexico, Argentine, Trinidad 
and Persia followed by 1911. 

Although oil was discovered less than a 
century ago, the annual production in 
1900 was 20,000,000 tons. This rate 
doubled each decade and is now about 
600,000,000 tons: more than 9,500,000,000 
tons having been produced. The story 
of oil is therefore one of great achievement 
and has only been made possible by the 
wholehearted team work of men and 
women of many nations. Every one of 
the sections of the British Association has 
contributed to this story, either directly 
or indirectly, and an endeavour will be 
made to give some idea of the way in 
which imagination, initiative and deter- 
mination have played their part in the 
story. 


Origin of Crude Oil 


Present-day theories on the way in which - 


oilfields were laid down in geological 
time, measured in hundreds of millions 
of years, were illustrated in the discourse 
by a cartoon film, ‘As Old as the Hills,’ 
and it must suffice to say that here natural 
organic material was probably the original 
source. This material consisted of lowly 
marine animal organisms and possibly of 
plant life as well, dropped to the bottom 
of seas and lagoons, and there buried and 
preseryed by steady deposition on them 
of fine-grained sealing formations, such 
as mud, clay and lime. ‘The method by 
which this material was converted to 
liquid crude oil is more conjectural and 
cannot be dealt with here. The oilfields 
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in Persia with which the author has been 
chiefly concerned, are in the form of 
anticlinal reservoirs or domes, with the oil 
trapped in the crevices and pores of lime- 
stone between a water-table on which it is 
floating and an impervious cap rock. 


Oil Prospecting 

From time immemorial oil and gas have 
escaped from some of these reservoirs 
through seepages, and these seepages 
attracted the attention of prospectors. 
Geological methods were first used to 
locate oilfields, and exploration has been 
greatly helped in recent years by air 
reconnaissance, air photography and 
‘ photogeological ’ interpretation followed 
by detailed ground geological survey and 
then by geophysical survey. The latter 
covers any physical method of investi- 
gating underground structures without 
reference to surface conditions and may 
be gravimetric, magnetic, electrical and 
seismic, either by the reflection or the 
refraction method. 


Oil Drilling 

The possible existence of suitable under- 
ground conditions may be established by 
some or all of these methods, but they 
cannot indicate whether oil has ever 
been trapped in the structure and if 
so, whether it remains there now. The 
only method of proving an oilfield is by 
drilling wells. In the early days of the 
industry, wells were drilled by the cable 
tool or percussion system, but this system 
is now only used in relatively shallow wells 
and where the formation is hard and not 
of a caving nature. The rotary or mud 
flush system is now almost universally used 
because such drilling can go faster and 
deeper except in very hard rocks. More 
elaborate equipment is required than in 
the cable tool system and for a deep well 
involves the use of a steel derrick about 
136 ft. high with a load-carrying capacity 
of 300 tons. The drill pipe is rotated by 
the rotary table and the drill pipe and 
casing are raised and lowered by draw- 
works and stored vertically in 90-ft. 
lengths inside the derrick. Reciprocating 
slush pumps are used for pumping drilling 
mud down the hollow drill pipe to lubri- 
cate and cool the drilling bit and to flush 
up the cuttings to the surface through the 


annular space between the drill pipe and | 


the casing. The mud is loaded with 


barytes and other materials to specific | 
gravities of 1-25 or more in order to | 


counterbalance the pressure of the oil in 
the formation and to prevent the oil 
gushing to the surface when the well js 
drilled in. A special hydraulic packing 
gear has been devised to enable drilling 
to be carried out under pressure, and it is 
used in the case of very deep wells where 
the weight of the mud alone would not 
counterbalance the oil pressure. 

Steam was used exclusively in the early 
days of drilling to drive the draw-works, 
rotary table and mud pumps and is stil] 
the most satisfactory power because of its 
flexibility. It cannot, however, be used 
economically in oilfields where water is 
extremely scarce or unsuitable for boilers. 
In such conditions internal combustion 
engine, and electric motor drives have 
been increasingly used. The necessary 
flexibility to enable steady pulls to be 
maintained by the draw-works on the 
drill pipe, and steady pressure on the 
mud etc. has been obtained by fitting 
hydraulic couplings. Drilling by electric 
motors has usually been adopted where a 
large number of wells have had to be 
drilled in a fairly restricted area and where 
it has been possible to obtain sufficient 
electric power. 

The depth of the early wells was rarely 
more than 3,000 ft., but wells are now 
regularly drilled to much more than 
10,000 ft. and in some cases even to 
20,000 ft. 


Oil Production 


In oilfields such as Persia, the pressure 
of the crude oil in the reservoir may 
exceed 5,000 Ib. per sq. in., and flowing 
pressures at the top of the well may be 
more than 2,500 lb. per sq. in. Natural 
petroleum gas in proportions varying from 
2,000 to 1 by volume to 40 to 1 by volume 
is dissolved in the oil. If the full pressure 
were released in a single stage, large 
quantities of light oil fractions of great 
value as a constituent of petrol would be 
carried away with the gas. The flow of 
oil is therefore directed to well-head 
separators, The gas is taken off at the 
top and the oil is delivered to a series of 
horizontal separators, each being at 4 
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lower pressure than the one before and 
ranging from about 750 lb. per sq. in. to 
{5 lb. per sq. in. The crude oil is then 
delivered to flow tanks from which it is 
umped down pipelines to the refinery or 
tothe crude oil loading terminal. The gas 
is used as far as possible in the fields, 
pumping stations and refineries and is 
processed for the production of special 
products. 


Pipelines 

Oilfields are usually found a con- 
siderable distance from the refinery and 
crude oil loading terminal sites, which 
must necessarily be alongside deep water 
to enable products and crude oil to be 
loaded into ocean-going tankers for 
delivery to the world’s markets. In 
Persia, the first oilfield discovered was 
about 150 miles away from the refinery 
and loading site at Abadan which was 
alongside deep water in the Shaft-el-Arab 
River. A single pipeline partly 6 in. 
and partly 8 in. in diameter was originally 
installed in 1911 with a capacity of about 
half a million tons a year. A 10-in. line 
with about double the capacity of the 
6-in./8-in. line was ordered in 1914, when 
the British Government took a financial 
interest in the Company, but was not 
completed till 1916. As further capacity 
was required, intermediate pumping sta- 
tions were built and more lines were 
installed. The early pipelines were of 
lapped welded steel with tapered threaded 
screwed joints. The earliest pumps were 
reciprocating pumps operating at 700 lb. 
per sq. in. 

The oil industry was quick to use the 
newly developed processes for welding 
steel and by 1930, seamless steel pipes 
with welded joints were coming into use ; 
pipes of 12-in. diameter with a capacity of 
nearly 3,000,000 tons a year each were 
being used. With increasing amounts of 
oil to be pumped, it was possible to use 
multi-stage centrifugal pumps and where 
water was available, to drive them by 
geared steam turbines. This type of 
pumping plant proved to be very flexible 
and capable of running for periods of a 
year and more without shut down. In 
the case of the desert lines, water was not 
available and centrifugal pumps had to be 
driven by compression ignition engines 
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through speed-up gears. During the 
1939-45 war very large diameter pipe- 
lines were built in the U.S.A. to deliver 
oil from Texas to the northern States to 
avoid extremely heavy losses of tankers 
on the North Atlantic seaboard. These 
lines were of 20 in. and 24 in. in diameter 
and several thousand miles long. They 
were so successful that further large 
diameter pipelines have since been built, 
notably across the Arabian Desert from 
the Persian Gulf to the Mediterranean, 
and from the Kirkuk oilfields to the 
Mediterranean. Many thousands of miles 
of lines have been built to distribute gas 
from Texas oilfields throughout America 
and large lines are also being built in 
Canada. 

Seamless steel pipe is not available for 
these large diameters and those of 30 in. 
and more are constructed by rolling a 
single wide sheet of steel into a circle to 
form the pipe and fusing or arc welding 
the longitudinal seam. Centrifugal pumps 
are invariably used for these large diameter 
pipelines and are either multi-stage pumps 
each developing the full pressure on part 
of the throughput and operating in 
parallel, or alternatively, single stage 
pumps each developing part of the 
pressure on the full throughput and 
operating in series. The crude oil is 
delivered at the end of the pipeline to 
storage tanks in the refinery or the crude 
oil terminal tank farms. Tanks are of 
steel and usually completely welded. 
They are usually of 10,000 to 16,000 tons 
capacity, but some of more than 20,000 
tons are now being built. These are 
168 ft. in diameter and 48 ft. in height. 
They are usually protected by bunds 
capable of containing the oil should the 
tank be damaged. Fixed roofs are used 
for heavy non-volatile oils, but steel roofs 
floating on the oil are now used for crude 
oil and for light oils in order to reduce loss 
by evaporation and to reduce fire risk. 


Oil Refining 

Refining is a combination of physical 
and chemical operations designed to 
convert crude oil into a series of fractions 
or cuts and to treat these raw products 
chemically to remove any undesirable 
impurities such as sulphur compounds 
and unsaturated hydrocarbons. In the 
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early days, separation was achieved by 
distillation in simple batch stills, which 
produced a few impure fractions such as 
petrol, paraffin and fuel oil. A simple 
treatment was used to improve the 
colour and odour and the products were 
marketed. Demands for better products 
in ever increasing quantities led to the 
development of continuous shell still dis- 
tillation units, and later to pipe stills with 
fractionating columns. These methods 
produced straight run motor spirit up to 
the limit of that naturally available in the 
crude oil. In the 1920’s, demands arose 
for a much improved motor spirit and 
processes of ‘Thermal Conversion’ or 
‘Cracking’ were developed. In recent 
years, further processes called ‘ Thermal 
Reforming,’ ‘ Catalytic Polymerisation ’ 
and ‘Catalytic Cracking’ have been 
developed. These processes enable the 
proportions and the qualities of the various 
fractions to be adjusted to market require- 
ments. Vast plants requiring power sta- 
tions, water pumping plants and services 
on the scale of a large provincial town are 
required, but there is no space here to deal 
further with this interesting subject. 


Oil Loading 

Reference will now be made to the 
loading of oil at the seaboard to sea-going 
tankers. Until the outbreak of war, 
tankers were rarely more than 16,000 tons 
capacity and required a depth of about 
32 ft. at low water. Where this depth 
could be obtained in a river close to a 
suitable site for a loading terminal, light 
jetties were generally used to carry the 
oil-loading pipes with more substantial 
dolphins against which the tankers could 
berth. In early development of new 
fields where river loading facilities were 
not available, sea loading lines were pulled 
from the shore, in some cases to a distance 
of one to two miles, to supply tankers 
moored at buoys where the depth of water 
was sufficient. These loading lines were 
until fairly recently 10 in. or 12 in. in 
diameter, but greater experience in laying 
sea lines has made it possible to use 
diameters of 20 in. or 24 in., with greatly 
increased throughput. 

When an oilfield has been established 
and greatly increased throughout has to 
be dealt with, the very great capital cost 


of constructing a deep-sea jetty become 
justified by the savings that can be mad 
by a quicker turn round of the lar 

modern tankers, and the reduction in days 


lost due to bad weather. In the case of 
the Kuwait Oil Company, a jetty was 
built 4,200 ft. out to sea, with accom. 
modation for six tankers and two cargy 
vessels. This has recently been adapted 
to take eight tankers. The size of tankers 
since the war has been increased to 28,00) 
tons, and tankers of 32,000 tons and 
greater capacity are now being built. 
These require a minimum depth at low 
water of 40 ft. Gravity type fender 
were installed in groups of three consisting 
of steel cylinders 21 ft. long and 6 ft. in 
diameter filled with concrete and each 
weighing 43 tons. The cylinders were 
slung by links in such a way that the 
impact of a tanker when berthing or riding 
in a choppy sea was absorbed by pushing 
them back and upwards against the force 
of gravity. They have been most success- 
ful in enabling operations to be continued 
without damage to tankers or jetty during 
bad weather. 


Oil in War 


The oil industry was sufficiently de- 
veloped by 1939 to play a very full par 
in the war, and some of the ways in which 
it did so will now be described. Perhaps 
the greatest achievement of the industry 
was the production of aviation petrol of 
the quality, and in the quantity, required 
to meet the ever growing demands of the 
Allied air forces. Plans for the distri- 
bution of motor spirit and of aviation 
spirit for the Forces had been made in the 
years immediately preceding the war, 
and a large number of plants had been 
built for making 4-gallon non-returnable 
tins. These had, for many years, parti 
cularly in the East, been successfully used 
commercially, but they had always been 
protected by placing them in pairs in 
wooden crates or singly in cartons. It 
soon became impossible to clothe the tins 
in this way owing to shortages in the sup- 
ply of wood and cartons, and experience 
soon showed, particularly in North Africa, 
that very serious losses were incurred in 
handling supplies in this way. Modern 
mechanised armies demand vast and 
constant supplies of petrol, and it soon 
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became apparent that methods of delivery 
must be improved. The Germans had 
developed a very well designed substantial 
4-gallon container, which was christened 
the ‘ Jerrican ’ and which was used as a 
returnable container. It had a particu- 
larly good filler and pouring cap and was 
quickly reproduced by the Allies after the 
first samples had been captured. These 
replaced the non-returnable tins, which 
had been christened ‘ Flimsies,’ and 
reduced losses. 

The demands were ever increasing and 
it became apparent that bulk supplies of 
oil by pipeline must be made available as 
near the front line as possible. Light 
steel victaulic jointed pipes and portable 
petrol or diesel engine driven pumps were 
therefore supplied in quantity, so that 
piped supplies could keep pace as armies 
advanced. ‘These pipelines, together with 
tanks built of bolted sections, greatly 
contributed to the mobility of the Forces. 

In 1941 and early 1942, intensive 
preparations were made for the cross 
Channel assault, and the methods for 
ensuring adequate supplies of oil were 
anxiously considered. Experiments were 
made at Westward Ho on the North Devon 
coast, where beach, tidal and: weather 
conditions were somewhat similar to those 
to be expected on the French coast. 
Various methods were tried of pulling 
along the sea bottom pipelines through 
which small coastal tankers could pump 
their cargoes ashore, but this was found to 
be hazardous under the prevailing con- 
ditions, and the construction of an ade- 
quate fleet of small tankers would have 
taken effort away from the essential 
— of small ships such as landing 
crait. 


Operation Pluto 

The need for a cross Channel pipeline 
became more and more apparent to the 
Chief of Combined Operations, Lord 
Louis Mountbatten, and he referred the 
problem to the Rt. Hon. Geoffrey Lloyd, 
Minister for Petroleum. Intensive study 
was immediately made of the possibility 
of constructing such a pipeline, but it 
soon became clear that it would be im- 
possible by any hitherto known method. 
All these methods would involve the 
making of joints during the crossing and, 
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owing to the swift tidal currents, would 
involve a large flotilla of craft and sub- 
stantial moorings. It would be a major 
engineering operation in peace time, 
taking many weeks, and would clearly be 
impossible in war time with enemy guns 
covering the Straits of Dover. 

It was soon obvious that entirely new 
methods would have to be used and two 
were proposed which made _ possible 
Operation Pluto (Pipe Line Under The 
Ocean). The first method was an adap- 
tation of submarine cable making methods 
and laying technique. In April/May 
1942, after many experiments, a pipe of 
2 in. internal diameter and capable of 
carrying petrol at 1,500 Ib. per sq. in. was 
developed which could be made in the 
full length required for the Channel 
crossing, without joints. It then became 
possible to lay the pipe at 5 or 6 knots and 
cross without stopping to make joints, 
except for the shallow water ends at each 
side of the Channel, which will be referred 
to later. This pipe was always referred 
to as cable for security reasons and was 
given the code name of Hais (Hartley 
Anglo-Iranian Siemens) and its construc- 
tion is shown in Fig. 1. The lead presses 
normally used for sheathing cable were 
adapted to produce the lead tube (A), 
which was impervious and also innocuous 
to petrol. This was wrapped with two 
layers of prepared paper tape (B), im- 
pregnated with compound left-hand lay, 
followed by one layer of cotton tape (C) 
left-hand lay. It was then wrapped with 
four layers of steel tape right-hand lay (D) 
in order to enable the cable to withstand 
high working pressures, followed by one 
serving of jute yarn (E) right-hand lay. 
In order to give the cable longitudinal 
strength, it was then wrapped with steel 
wires (F) left-hand lay, followed by servings 
of jute (G & H). By using right-hand 
lay for the steel tapes and left-hand lay for 
the armouring wires, the pipe was balanced 
and remained stable with variations of 
pressure. 

Pumping experiments made through 
Hais Cable laid in the Medway near 
Chatham Dockyard and trial lays in deep 


water in Scotland were successful; and. 


the manufacture of 30-mile lengths was 
put in hand in June 1942. Meanwhile, 
the s.s. ‘ London,’ a coaster, was equipped 
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with cable storage tanks and cable-laying 
gear and renamed H.M.S. ‘ Holdfast.’ 
The cable laying gear and tanks shown are 
in Fig. 2. The first full length of Hais 
Cable was laid experimentally in Decem- 
ber 1942 from Swansea across the Bristol 
Channel to Watermouth Bay near Ilfra- 
combe. No difficulty was experienced 
with the main length, but there were great 
difficulties in attempting to lay the shore 
lengths from improvised landing craft. 
Eventually, a flat-bottom Thames barge 
(Fig. 3) was converted to handle these 
lengths and satisfactorily completed the 
work in April 1943. Petrol was pumped 
across from the Anglo-Iranian Oil Com- 
pany’s Llandarcy refinery to supply Devon 
and Cornwall for the next year and a half, 
and provided a full-scale test for the cable 
and pumps, and also a means for training 
the personnel. 

It was found to be an advantage to keep 
the cable full of water and under pressure 
during manufacture, storage and handling, 
and an ingenious coupling (Fig. 4) was 
eventually perfected. One half coupling 
could be fitted in about three or four hours 
to the end of the cable in the factory or on 
the cable ship as shown in the lower half 
(B) of Fig. 4. It carried a swivel end for 
handling the cable. Each half of the 
coupling had a bursting disc assembly (C) 
which would hold the water pressure of 
about 200 Ib. per sq. in., but which would 
be burst when full pumping pressure was 
applied. The two ends of cable, already 
fitted with half couplings, could be 
coupled together at sea in about 20 
minutes, and were then as shown in the 
upper half (A) of Fig. 4. The joint was 
made tight against internal and external 
pressure by the U joint rings (D). The 
‘Hat’ joint (E), the flanged lead of the 
pipe (F), the outer jute serving (G), the 
inner jute serving (H), steel tape (J), and 
the lead pipe (K), are also shown in Fig. 4. 

Following the success of the Swansea— 
Ilfracombe 2 in. Hais Cable, one of 3 in. 
internal diameter was developed also 
capable of carrying a pumping pressure 
of 1,500 lb. per sq. in. and delivering 
2? times the volume of the 2 in. cable. 
The 3 in. cable weighed 65 tons a nautical 
mile, and as sea crossings of up to 100 
miles were then being considered, two 
10,000 ton cargo ships were fitted out 


as cable ships and christened H.MS. 
‘Latimer’ (Fig. 5) and H.MLS. ‘ Sand. 
croft.’ Other ships and barges were also 
converted. 

The system of buried steel oil pipelines 
which had been laid across England to 
enable tankers to discharge at Avonmouth 
in the Bristol Channel and their oil to be 
pumped across to the Thames, was 
extended to deliver oil on the beach at 
Sandown and Shanklin in the Isle of 
Wight and at Dungeness. Arrangements 
were made to install both diesel engine 
driven reciprocating pumps and elec. 
trically driven centrifugal pumps with a 
daily capacity of 3,500 tons of petrol, at 
each of these terminals. Complete secrecy 
was maintained and existing buildings 
were used at all places. 

Meanwhile, the second method used 
in Operation Pluto, that of the Hamel 
(Hammick-Ellis) steel pipe had_ been 
developed. Preliminary experiments had 
proved that seamless steel pipe of 3 in. 
internal diameter and } in. thick could be 
wound in continuous lengths like cotton 
on a cotton bobbin, provided the barrel 
on which it was to be wound was 40 feet 
in diameter and the pipe was held back by 
a pull of about 2 tons. Experience had 
proved that submarine cables were un- 
damaged after many years service in the 
Channel, but there was no experience 
with unprotected steel pipe pulled off 
taut from the laying drum and liable to be 
vibrated in places by tidal conditions. 
Nevertheless, it was felt that a few weeks 
could be relied upon and it was decided 
to go ahead and build a plant at Tilbury 
to receive 30-ft. lengths of seamless steel 
pipe and weld them into continuous 
lengths of 4,000 ft. Fig. 6 shows the con- 
veyors, on the right, down which the 
4,000-ft. lengths were delivered from the 
welding machines so that the pipe could 
be tipped off into the storage space below. 
A large hopper barge was converted to 
carry a drum on which the pipe could be 
wound and welding plant and winding 
gear were installed alongside the dock for 
loading the drum with pipe in a continuous 
length. The vessel was renamed H.M.S. 
‘ Persephone’ and was successfully used 
to lay 2-in. diameter steel pipe in the 
Solent between the Hampshire coast and 
the Isle of Wight and also in the sea to 
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Figure 11. 
Reproduced by courtesy of the Institution of Mechanical Engineers (Figs. \-8) and the Royal Society of Arts (Figs. 9-11.) 
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gnnect Sandown with Shanklin. ‘ Perse- 
phone > was not able to carry the length 
of3-in. pipe required and a floating drum 
Fig. 7) was designed with a barrel 60 ft. 
long and 40 ft. in diameter, with conical 
eds carrying towing trunnions. These 
could carry 90 miles or more of 3-in. 
diameter steel pipe and six of them, 
christened ‘ Conums, ’ were built. They 
could be towed across the Channel by one 
or two powerful ocean rescue tugs of the 
‘Bustler’’ class, with one smaller tug 
behind to assist steering. They were 
rotated as they went across by the pipe 
being unwound and falling to the Channel 


Full trials had been completed with 
both Hais Cable and Hamel pipe well 
before ‘ D ’ day, and 710 nautical miles of 
Hais cable, of which 140 miles came from 
the United States, were available and 
many hundreds of miles of Hamel pipe 
were also available. Pumping plants had 
iso been completed and the first lays 
were planned from the Isle of Wight to 
Cherbourg for ‘D’ day plus 12. There 
was, however, some delay in capturing 
Cherbourg and in clearing the sea mines, 
and Operation Pluto was delayed until 
August 12, 1944. Two Hais Cables 
aid two Hamel pipes were laid during 
the next few weeks and difficulties were 
encountered which provided valuable 
experience for future lays. Petrol was 
pumped across to Cherbourg, but the 
Allied armies’ rapid advance along the 
French coast made it necessary to con- 
centrate all efforts on the Dungeness 
crossing and the Cherbourg lines were 
shut down. The Dungeness crossing was 
lss than one-third the distance of the 
Ile of Wight-Cherbourg crossing, and 
five times the quantity of petrol could be 
pumped for each mile of cable or pipe 
kid. The first Hais cable was laid from 
Dungeness in October and, with improved 
methods, cables were laid one after the 
ither without trouble. No difficulty was 
experienced in laying the main length of 
the Hamel pipe, but great difficulty was 
experienced in pulling the pipe through 
the shallow water and up the beach, even 
when the Conum was moored as close in 
to the shore as possible. This problem 
was eventually solved early in 1945 by 
winding lengths of Hais Cable at the 
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beginning and the end of the steel pipe on 
the drum, and connecting these flexible 
lengths to the shore by laying Hais Cable 
shore ends from the Thames barge in 
exactly the same way as for the full lengths 
of Hais Cable. Eventually eleven Hais 
Cables and six Hamel lines were laid 
across and delivered their petrol to storage 
tanks on the cliffs behind Boulogne. The 
petrol was then pumped through steel 
land pipelines, which were extended as 
the armies advanced, and eventually 
crossed the Rhine (Fig. 8). The Pluto 
lines were all run in parallel, and the 
pressure adjusted to provide the actual 
quantities required day by day. These 
were frequently in excess of 1,000,000 
gallons, and a total of 172,000,000 gallons 
was pumped across. No failures occurred 
in the Hais cables and although the Hamel 
pipes all failed, it was only after their 
estimated life had been exceeded. The 
overall loss of petrol was only 1-1 per cent. 
in the entire Operation Pluto. 


Fido 

The R.A.F. and U.S. Army Air Force 
bombing effort was continuously being 
speeded up both by day and by night 
throughout the early days of the war and, 
by August 1942, very large numbers of 
aircraft were engaged in night bombing 
operations. Heavy losses were frequently 
incurred by crashes on landing due to 
mist or fog at the airfields. These became 
so serious that the Prime Minister directed 
a personal minute dated September 26, 
1942, to Mr. Geoffrey Lloyd, the Minister 
for Petroleum, phrased as follows : 


‘ It is of great importance to find means 
to dissipate fog at aerodromes so that 
aircraft can land safely. Let full experi- 
ments to this end be put in hand by the 
Petroleum Warfare Department with all 
expedition. ‘They should be given every 
support.’ 


The problem had been considered 
as early as 1919 by the Aeronautical 
Research Council and the Royal Aircraft 
Establishment. Experiments were made 
at Martlesham Heath and at Farnborough 
in which the air had been heated by lines 
of petrol burners, and some measure of 
success had been achieved shortly before 
the war. It was established that if the 
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air during the worst fog could be raised 
in temperature 5 to 7 degrees Fahrenheit, 
the fog would disappear. These experi- 
ments were however discontinued owing 
to the difficulties of obtaining smokeless 
burning, the expense involved, and the 
many apparently more urgent problems 
to be tackled. 

The Prime Minister’s minute made 
unlimited resources available and the 
problem was tackled as a matter of extreme 
urgency. Experiments were initiated at 
several establishments of the Petroleum 
Warfare Dept., and in the unfinished 
reservoir made available by the Metro- 
politan Water Board at Staines. All 
available records of previous attempts to 
clear fog were obtained and these included 
the use of supersonic waves, electrical 
discharges, absorption of moisture by 
chemicals, drying by refrigeration and 
outdoor air-conditioning apparatus. It 
was quickly seen that the most practical 
method was the use of direct heat, which 
had been tried out at the Royal Aircraft 
Establishment. Some experiments were 
made with other methods, but they were 
soon discarded. 

An early success was achieved by 
burning coke in a continuous brazier 
built of steel scaffolding, corrugated sheet 
steel and expanded metal. The coke 
gave smokeless burning and had a great 
advantage in this respect over petrol 
burning, which was at that time producing 
a great deal of smoke. Arrangements 
were therefore made for installing a 
complete system of coke burners at 
Lakenheath airfield, in spite of the great 
difficulties of loading, lighting, extin- 
guishing and reloading. 

Petrol burners were, however, soon 
developed using plain steel pipes. The 
petrol was pumped to them by N.F.S. fire 
pumps with the glands adapted for the 
purpose. Some measure of success was 
achieved at Staines in November and 
December 1942 and the Royal Air Force 
agreed that steps should be taken imme- 
diately to install even the earliest experi- 
mental and unproven types of burner at 
Graveley airfield. The standard runway 
at the airfield was 50 yards wide and it 
was agreed that the burners should be 
laid 50 yards on either side of the runway 
or 150 yards apart. Some model scale 


experiments were made in the Empress 


Hall at Earls Court, in which a wind | 
tunnel was specially installed. It was | 


established that with burner lines 150 


yards apart, it was necessary to produce 


heat at the rate of 30 therms each yard 
each hour or the equivalent of burning 
petrol at the rate of 20 gallons each yard 
each hour. This was necessary in order 
to ensure that the two lines of heat would 
pull together, in stagnant conditions and 
clear the air over the runway instead of 
going up vertically as two single lines of 
heat. It was also necessary in conditions 
of side drift of the fog in order to ensure a 
clearance over the centre of the runway 
for at least 100 feet. 

Further development of the petrol 
burners proved so successful that no 
further coke installations were built at 
airfields and the installation at Lakenheath 
was replaced by petrol burners. The 
type of petrol burner eventually adopted 
was called the ‘ HarIcILL ’ (Hartley Anglo- 
Iranian Gill) in which a 2-in. diameter 
preheater pipe about 20 yards long was 
supported by cast-iron spreaders at the 
apex of a 7-in. side equilateral triangle 
with two 1}-in. burner pipes fed from it 
forming the base (Fig. 9). Holes were 
drilled in the two burner pipes so that 
jets of petrol pumped through them just 
missed the edge of the preheater pipe, 
allowing about half the flame from the 
jets to wrap round the preheater under 
stagnant conditions. The same heating 
as in stagnant conditions was thus obtained 
in side winds, because the upwind flame 
was blown on to the extent to which the 
downwind flame was blown off the 
preheater. After 5 minutes run, the 
oncoming petrol was completely vaporised 
in the preheater and burnt as gas smoke- 
lessly because the high velocity jets 
induced sufficient air for complete com- 
bustion. The burner pipes formed a loop 
on the first design but, to avoid distortion 
due to uneven expansion, they were later 
made in two straight lengths with the feed 
at one end only, leaving the other ends 
free to expand separately. Outputs u 
to 40 gallons each yard each hour wit 
smokeless burning proved possible with 
the later designs, so the problem of 
smokeless burning with simple pipes easy 
to install and with the minimum 0 
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obstruction alongside the airfield was 
at last solved. Special burners were 
developed to make the line of heat 
continuous across the intersecting runways 
on airfields without interfering with their 
use when Fido was not in operation (Fig. 
10) and were necessary to prevent fog 
being drawn in through gaps in the burner 
lines. 

Fido was ready for operation at Gravely 
by February 1943, but although many 

rimental burns were made, no op- 
portunity arose for actual operation in 
fog until early in the morning of 
July 17, 1943, when visibility was down 
to 100 yards and was completely cleared 
by Fido. Immediately Fido was turned 
off, visibility fell again to 100 yards. This 
success was reported by Mr. Lloyd to 
Mr. Churchill and instructions were 
immediately given by the Air Ministry 
for the construction of six more Fidos 
at operational airfields. After further 
successes, more airfields were equipped 
with Fido including the Coastal Command 
airfield at St. Eval and three rescue 
airfields, Carnaby, Woodbridge and 
Manston, where the runways were 250 
yards wide. The Fido burning lines had 
therefore to be 270 yards apart and the 
burners had to be increased in capacity 
to a rate of 55 gallons of petrol each yard 
each hour in order that the two lines of 
heat should pull together across this 
greater width and clear the intervening 
fog in stagnant conditions. In one foggy 
afternoon in December 1944 Woodbridge 
Fido enabled more than 90 aircraft, 
mostly Fortresses, to land. 

A transportable design of burners 
Haifox (Hartley Anglo-Iranian Fox) (Fig. 
11) was developed at Staines and was 
available for installation of the Epinoy 
airfield in France for the use of No. 2 
Group Second Tactical Air Force in order 
to maintain their interceptions day and 
night with their Mosquito aircraft. De- 
signs were prepared for more permanent 
installations and a considerable amount 
of work had been started at London 
Airport, but this was discontinued after 
the war. Eventually Fido was installed 
at 16 airfields and enabled 2,500 bombers 
to land under misty or complete fog 
conditions. Fido’s greatest achievement 
was to enable Bomber Command to keep 
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up its attack at the time of the Ardennes 
offensive in December 1944, when almost 
the whole of their airfields were covered 
with fog for several days. 


Flame Weapons 


After Dunkirk, the defensive resources 
of the country were extremely meagre, 
and great efforts were made to use oil for 
defensive purposes. The Petroleum War- 
fare Dept. developed flame barrages in 
the sea, on the beaches and at strategic 
places inland. As the strength of the 
defences improved, the Petroleum Warfare 
Dept. turned to the offensive and 
developed oil bombs and undertook the 
intensive development of flame throwers. 
These were eventually fitted to Bren Gun 
carriers and were called the ‘ Wasp,’ and 
also in the form of a trailer attached to the 
Churchill tank and became called the 
‘Crocodile.’ Fuel oil was at first used in 
the flame throwers. This gave a very 
spectacular discharge of flame and smoke, 
with a range of about 80 yards, but a 
relatively small percentage arrived at the 
target. Jellied fuel was soon developed, 
which increased the range by 50 per cent. 
and, although not so spectacular, delivered 
the majority of the fuel on the target. 
These weapons were used most effectively 
at many critical times, and eventually 
proved to be one of the most humane 
weapons in that, because of their terrifying 
nature, they brought in more prisoners 
per man hurt than any other weapon. 


Conclusion 


It has only been possible to touch on a 
few of the developments and achievements 
of the oil industry in time of peace and also 
on some of its outstanding contributions to 
the Allied war effort. That these efforts 
were very successful has been confirmed 
in several official reports, which have 
stated that the planning and execution of 
no single: Allied operation was prevented 
or even delayed by lack of petrol, oil and 
lubricants, where and when wanted. 

Developments in the oil industry since 
the war indicate that the present demand 
of 600,000,000 tons a year will be doubled 
during the next 10 years, and it is clear, 
therefore, that there is still very great 
scope for the further use of imagination, 
initiative and determination. 
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THE ADVANCING FRONT OF CHEMISTRY 


Ar the Association’s Annual Meeting in Belfast the President of the Chemistry Section, 
Prof. Wm. Wardlaw, C.B.E., delivered his presidential address on the Advancing 
Front of Chemistry (Advancement of Science, No. 34, p. 113) on the morning of September 4, 
1952. This address was followed by two papers of which the first was by Dr. D. H. R. 
Barton of Birkbeck College, on recent advances in organic chemistry. The second 
paper reviewed recent advances in inorganic and physical chemistry, with special 


emphasis on the latter. 


It was prepared by Professor A. R. Ubbelohde, F.R.S., of the 


Queen’s University, Belfast, and was read, in his absence, by Dr. R. C. Pink. The 
following texts contain the main substance of the two papers. 


PROGRESS IN ORGANIC CHEMISTRY, 1939-52 
by 
Dr. D. H. R. Barton 
Structural Theory 


The science of organic chemistry is 
specially fortunate in being founded upon 
the beautifully simple, yet adequate, 
structural theory. Since its inception in 
the latter half of the nineteenth century, 
this theory has been expanded to embrace 
aromatic systems, tautomeric systems and 
hydrogen bonding phenomena (including 
L. Hunter’s treatment of mesohydric 
tautomerism) whilst some aspects of it 
have received a more extended, if perhaps 
somewhat artificial, interpretation in terms 
of the resonance concept. Associated 
with these developments of simple struc- 
tural theory has been the growth of the 
‘Electronic Theory of Organic Chem- 
istry.” In the hands of its exponents, 
particularly C. K. Ingold and E. D. 
Hughes, this theory has had considerable 
success in rationalising the phenomena of 
organic chemistry and in providing a 
versatile analytical tool of considerable 
scope and application. Parallel with the 
maturing of the electronic theory there 
has been a steadily more exacting defini- 
tion of the mechanistic requirements of 
organic reactions. The mere concept of 
reaction mechanism has become of in- 
estimable value in stimulating our 
thoughts to novel experimentation and 
interpretation. 

In the last decade the powerful methods 
of quantum mechanics, especially as ex- 
pressed in molecular orbital theory, have 


been increasingly brought to bear upon 
the problems of the organic chemist. 
In Britain the school of quantum chemistry 
established by C. A. Coulson has been 
particularly successful in correlating and 
even predicting the chemical and physical 
properties of aromatic molecules. 

The structural] theory of organic chem- 
istry finds its fullest expression in three 
rather than two dimensions, and ll 
theories which represent developments of 
structural theory must be assessed in these 
terms. Aromatic systems, whilst complex 
electronically, are particularly simple 
systems from the stereochemical point of 
view. The successes of quantum chemistry 
in the treatment of aromatic molecules are 
only a partial solution to the problems 
that beset the organic chemist. So far 
this discipline has had little or nothing of 
significance to say with regard to aliphatic 
and alicyclic systems. Recent progress 
in the latter fields has depended upon 
the development of the concept of pre- 
ferred conformation. This is a_three- 
dimensional approach, in part empirical 
in nature, which has become a_ useful 
means for rationalising the behaviour 
of stereochemically complex alicyclic 
molecules. 

No account of the development of 
structural theory would be complete with- 
out reference to the many important 
correlations which have been established 
between molecular structure and physical 
properties. The two most outstandingly 
useful techniques for the organic chemist 
are those of ultra-violet and infra-red 
spectroscopy. 
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Applications of Structural Theory 

The structural theory itself, and all its 
extensions, are, of course, based on sound 
experimentation. New reagents and tech- 
niques are constantly being invented. 
The outstanding new reagent introduced 
during the last decade is undoubtedly the 
versatile, and yet selective, reducing agent 
lithium aluminium hydride. 

Powerful new methods have been de- 
veloped for the separation of organic 
compounds. The invaluable technique of 
chromatography has been extended to in- 
clude partition and paper chromatography. 
Other important developments have been 
the application of counter-current distri- 
bution and spectacular improvements in 
the performance of fractionating columns. 

Synthetic methods are an essential part 
of the science of organic chemistry. 
Amongst recent advances should be men- 
tioned the acyloin ring closure reaction of 
V. Prelog and M. Stoll and the elegant 
synthetic procedures developed by E. H.R. 
Jones for the preparation of conjugated 
polyacetylenes. 

Traditionally, one of the most satisfying 
activities of the organic chemist has been 
the elucidation of the constituents of 
natural products. The decade between 
1930 and 1940 saw attention focussed 
upon the physiologically important vita- 
mins. In the last decade interest in 
vitamin research has somewhat slackened, 
mainly because of the solution of the out- 
standing problems in the field. The 
elucidation of the constitutions of biotin 
and of pantothenic acid have been re- 
ported. One of the most significant 
post-war developments has been the isola- 
tion by Glaxo Laboratories, Ltd. and by 
Merck & Co. of the very important 
vitamin B,,. The constitution of this 
cobalt containing vitamin is a challenging 
problem which still awaits solution. 

In the decade since 1940 natural pro- 
duct chemists have been specially pre- 
occupied with the constitutions of the 
medicinally important antibiotics. During 
the war enormous effort was expended on 
the penicillins, for example, benzyl- 
penicillin. Although the molecule would 
appear to be of relatively simple structure 
nevertheless its extreme lability made 
progress difficult. A practicable synthesis 
of penicillin has not, as yet, been devised. 
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A far more complicated antibiotic struc- 
turally than penicillin is streptomycin. 
In recent years new antibiotics have been 
forthcoming. The simplest of these 
structurally is chloromycetin and several 
serviceable syntheses of this substance 
have been promulgated. For a more 
complex and, from the chemical point of 
view more interesting example, one may 
admire the exotic constitution of terra- 
mycin, the conception of which we owe 
to the brilliant genius of R. B. Woodward. 

In the traditional field of alkaloid 
chemistry many elegant investigations 
have been prosecuted since the end of the 
war. One must mention as of outstanding 
significance the completion, after several 
decades of intense effort, of the structural 
work on strychnine. 

In the broad field of steroid chemistry 
progress proceeds apace. In recent years 
attention has been focussed on the adreno- 
cortical steroids, for example, cortisone, 
and methods for their partial synthesis, 
on stereochemical problems and on the 
steroidal alkaloids. 

The classical studies of Leopold Ruzicka, 
Sir John Simonsen and others in terpenoid 
chemistry have for long been an inspira- 
tion. The last decade has seen the sub- 
stantiation of a formula for B-amyrin and 
the complete elucidation of its stereo- 
chemistry. One of the most interesting 
structures to receive attention recently is 
that of caryophyllene. One may be sure 
that many other fascinating constitutional 
and stereochemical problems await solu- 
tion in the field of terpenoid, especially 
triterpenoid, chemistry. 

It is an illustration of the infinite variety 
of organic chemistry that only in the last 
decade, thanks in the first instance to the 
intuitive insight of M. J. S. Dewar, has the 
existence of the new family of compounds 
called tropolones been recognised. In 
Britain extensive investigations in the field 
have been carried out by A. R. Todd, 
J. W. Cook, R. D. Haworth and others. 
Examples of tropolone derivatives are 
stipitatic acid and puberulic acid. 

A new class of natural product, inten- 
sively studied by N. A. Sérensen, consists 
of a series of conjugated polyacetylene- 
polyolefin compounds. An example is 
‘ matricaria ester.’ The new antibiotic 
mycomycin investigated by Pfizer Labs is 
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of this class, as also are some compounds 
recently examined by Lythgoe. 

As an illustration of how purely acad- 
emic work often becomes of intense 
practical value we may mention the 
investigations on the pigments of butterfly 
wings. After much difficult experimenta- 
tion it was eventually established that 
these substances, for example leucopterin 
and xanthopterin, were derivatives of 
the novel pterin ring system. Since the 
war several physiologically important 
derivatives of the pterins have been 
recognised, for example pteroylglutamic 
acid the constitution of which was eluci- 
dated by Lederle Labs in 1946. 

For decades the structural problems of 
polypeptide and protein chemistry have 
been amongst the most difficult that the 
organic chemist has to face. It is gratify- 
ing, therefore, to see the progress that has 
been made in the last decade, thanks 
principally to the introduction of new 
techniques, some of which have been 
mentioned above. The work of Sanger 
on the constitution of insulin is particu- 
larly remarkable. 

Although not always attainable, a con- 
firmatory synthesis of the structure pro- 
posed for a Natural Product is always 
desirable. In some cases this desideratum 
is reinforced by economic considerations. 
Amongst recent total syntheses which are 
of outstanding interest and importance 
we may mention the following. 

The classical work of Sir Ian Heilbron 
and his colleagues pointed the way to 
several successful syntheses of the com- 
plex structure of vitamin A by industrial 
firms. This achievement has been fol- 
lowed by syntheses of various carotenoid 
hydrocarbons, in particula: 8-carotene. 

A. R. Todd and his school have reported 
many elegant nucleotide syntheses. We 
may illustrate this work, which experi- 
mentally is most exacting, by reference to 
the synthesis of adenosine triphosphate. 

Possibly the most outstanding synthetic 
work of the decade is the total synthesis of 
steroid compounds. Particular reference 
is due to the many elegant studies of 
Sir Robert Robinson in this field. The 
admirable syntheses of oestrone accom- 
plished by Anner and Miescher in 1947 
and by W. S. Johnson in 1950 have been 
crowned by the brilliant achievements of 


Sir Robert Robinson in the synthesis of 
epiandrosterone and of R. B. Woodward 
in the synthesis of 3-ketoetia-4 : 9 (11) ; 
16-trienic acid. Both the latter represent 
formal total syntheses of cholesterol, 
cortisone and other important steroidal 
compounds. 

No account of progress in organic 
chemistry would be complete without 
reference to the enormous amount of im. 
portant synthetic work which has as its 
objective not a compound with a specific 
constitution, but rather a compound with 
a specific function. The prodigious war- 
time anti-malarial programme, which 
led to the development of valuable com- 
pounds like I.C.I.’s paludrine may be 
mentioned, as also the exploration of 
organic fluorine chemistry initiated by the 
demands of the atomic energy project. 
Again we may consider the vast pro- 
grammes of synthesis associated with the 
development of new pharmaceuticals, 
dyestuffs, insecticides, herbicides, poly- 
merization chemicals, petro-chemicals, 
photographic chemicals and hosts of 
other useful substances, each one in itself 
of potential importance to the advance 
and welfare of the human race. Finally, 
let us mention with approval those many 
investigators who have, in the last decade 
as in decades before, effected the synthesis 
of organic compounds simply for the 
aesthetic satisfaction that such creation 
can give. 


PROGRESS IN CHEMISTRY 
by 
Prof. A. R. Ubbelohde, F.R.S. 


WirHIN recent years doubts have been 
raised in various quarters about the 
economic development of British applied 
science. The main alarm is that although 
in Britain academic scientific research 
probably maintains as high a level as 
anywhere else in the world, when it 
comes to developments in applied science 
of economic value to the community as a 
whole we may be falling behind other 
nations of comparable technological level. 
Various factors in this problem go beyond 
the special interests of the chemistry 
section. For example, it can be argued 
that our taxation system is hopelessly out 
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of date for a community as dependent 
as we are on technological progress. It 
would lead too far to include such matters 
in this address. At the present time how- 
ever, we may legitimately consider the 
progress of physical chemistry with an eye 
both on the basic developments, and on 
the growth of applied physical chemistry. 

British Association meetings give op- 

rtunities for stock-taking of progress on 
the broadest possible basis. The fact that 
they are generally held in close collabora- 
tion with both town and university tells 
us in what directions progress is most 
significant. It is important to review in 
what ways current developments in physi- 
cal chemistry are serving the community, 
or failing to do so. It is also opportune 
to consider whether the basic growth of 
the science and the training of young 
physical chemists at the universities is 
fulfilling public needs. 

To avoid the confusion of excessive de- 
tail, it is helpful to restrict attention this 
year to four main territories which are 
the scenes of rapid and extensive advances 
of great promise in physical chemistry. 
Briefly, these may be described as the field 
of chemical physics, physical bio-chem- 
istry, the impact of major new techniques 
on research and industry, and the de- 
velopment of applied physical chemistry 
in industrial problems. 


Chemical Physics 


Contemporary experience shows that 
it is becoming less and less profitable to 
establish a really sharp dividing line be- 
tween physical and chemical studies. A 
more useful purpose is to consider the 
present distribution of trained human 
effort in a whole spectrum of quantitative 
studies in which physics occupies one ex- 
treme and shades into physical chemistry 
through chemical physics. In this spec- 
trum, two factors are tending to increase 
the scope for chemists in the intermediate 
field of chemical physics. Firstly, it is 
important to realise that a great army of 
scientists trained in physics has been 
drawn into nuclear physics and left a gap 
in their more traditional fields of action. 
It would be valuable to establish statistics 
for Great Britain. In the meantime, the 
gap must somehow be filled. In part this 
gap is being closed by the increasing 
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number of chemists engaged in chemical 
physics. For example, experience shows 
that physical chemists readily adapt 
themselves to the use of borderline tech- 
niques such as electron microscopy, X-ray 
analysis of crystal structures, infra-red 
studies, micro wave measurements and 
the like. Another factor which favours 
this trend is the increasing molecular com- 
plexity of the compounds which can now 
be dealt with by the more precise quanti- 
tative methods of chemical physics. This 
tends to draw chemists rather than 
physicists into this field provided that they 
have sufficient mathematical training. 

Striking progress has also been made by 
mathematics applied to the computing of 
electronic structures of molecules. In the 
case of aromatic compounds it has even 
been claimed, though perhaps not yet 
verified, that cancer-producing properties 
can be predicted by mathematical calcu- 
lations. With the developments of elec- 
tronic methods of computing, it seems safe 
to predict an important future for applied 
mathematics in chemistry, in the precise 
evaluation of bond properties. 


Physical Biochemistry 


Application of the ideas and methods 
of physical chemistry continues to lead to 
striking advances in the precise quanti- 
tative study of substances of biological 
interest. Experiments on the structure of 
proteins illustrate the important fact that 
information is increasingly being sought 
by the combination of a wide variety of 
methods of study on the same substance. 
A wide versatility of techniques is charac- 
teristic of modern physical chemistry. 
Sometimes these diverse techniques are 
used by different members of the same 
research team, though in Britain the 
tendency still seems to be for laboratories 
to specialise in techniques rather than 
problems, so that advance is composite. 
Recent studies are beginning to throw 
more light on the role of water molecules 
in maintaining the structure of proteins. 
Investigations include X-ray studies on 
proteins cautiously and progressively de- 
hydrated, and measurements of the di- 
electric loss due to water packed in various 
ways into the structure. Pepys’ observa- 
tion that King Charles II lost four pounds 
of moisture playing tennis is at last 
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attaining scientific interpretation. Other 
measurements on proteins include measure- 
ments of molecular size by diffusion in 
gravitational and electrical fields, studies 
on the unfolding of the molecules on 
surfaces, kinetic studies of denaturation, 
and many other techniques of more 
restricted scope. 

A second instance of precise physico- 
chemical methods applied to biological 
problems is the work of Hinshelwood and 
his colleagues on the kinetics of bacterial 
cell growth in controlled chemical en- 
vironment. Some of the features of 
adaptation of growth to a change in 
environment can now be represented in 
terms of comparatively simple kinetic 
models. Though these kinetic models are 
admittedly crude, they suggest quantita- 
tive ideas about the inhibition or promo- 
tion of cell growth which cannot fail to 
stimulate further experimental studies. 
No physical chemist would yet venture to 
make bold pronouncements about bio- 
logical adaptation of (for example) the 
house fly to D.D.T. But having regard 
to the way the human mind has repeatedly 
made progress in scientific knowledge by 
the use of quite crude working models, 
Hinshelwood’s kinetic model of an adapta- 
tion process must be regarded as a land- 
mark in this development of physical 
chemistry. 


The Impact of Major New Techniques on 
Research and Industry 


Two major developments of techniques 
closely associated with the progress of 
physical chemistry warrant special atten- 
tion. Opportunities in the application of 
radio-chemistry are rapidly increasing. 
In the use of inert and radio-active iso- 
topes as tracers, the much greater range 
of artifect isotopes now commercially 
available enormously extends the possi- 
bilities first explored quite a few years ago 
with natural isotopes. No doubt it will 
require some years to spread training 
and confidence in the use of tracers by in- 
dustrial and research chemists. Various 
symposia and schools are organised from 
time to time for this purpose. The 
British Association may well endorse the 
active development of applied radio- 
chemistry in this country. Such training 
schools should help to realise a speedy 


financial return on all the effort investeg | 
in nucleonics in Britain. The promis. | 
offered by radio-tracers for the control of | 
certain industrial processes seems bright, | 
In addition, a more novel idea in radio. | 


chemistry warrants close attention from 
the industrialist. It has been known for 
quite a considerable time that varioys 
chemical reactions accompany the passage 
of penetrating radiations—particles or 
photons—through matter. Generally 
speaking, these activating radiations can 
lead to ionisation or bond rupture, and 
can thus accelerate the attainment of 
thermodynamic equilibrium in a system, 
With the intensities at present available, 
any large displacement of chemical equi- 
librium due to the passage of radiations, 
similar to photo-equilibria in chemical 
systems exposed to radiation of ordin 
wave lengths, is probably of subsidiary 
importance. As an example of the ap- 
proach to chemical equilibrium the 
physiological effects from which the early 
workers on X-rays or radium suffered 
were due to degradative chemical changes 
induced in the human body. Corre- 
sponding changes may occur in any 
system capable of undergoing chemical 
reactions. The question is whether it 
could become economic to make use of 
radio-chemical initiation of reactions for 
effecting important chemical transforma- 
tions. If a sufficient flux of chemically 
active radiations can be provided econom- 
ically, some of the massive thermodynamic 
operations of chemical industry, such as 
the synthesis of ammonia or other valu- 
able nitrogen compounds from hydrogen 
and nitrogen, or the synthesis of sulphur 
trioxide from sulphur dioxide and oxygen, 
could undergo revolutionary change. The 
hope is that chemically active radiations 
will provide ‘cold catalysts’ for such 
exothermic reactions. Economic conse- 
quences of such a development, in fuel 
saving, and even in the location of certain 
chemical industries challenge the imagina- 
tion. As with other aspects of applied 
radio-chemistry, the possible future of 
‘cold catalysts ’ is tied up with economic 
as well as physico-chemical considerations. 
Work in this applied field warrants active 
encouragement. 

The second main development to 
which reference may be made is in the 
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of application of electronic in- 


progress 


struments to measurements in physical 


chemistry. In this field the most novel 
advance lies in the facilities for measuring 
small intervals of time. Many transient 
phenomena occupying 10° seconds or 
less can now be readily studied. Even in 
more conventional measurements, year 
by year the number of physical chemists 
who make use of one or more electronic 
instruments increases. It seems safe to 
say that the future of certain branches of 
physical chemistry is closely bound up 
with developments in electronics. 


Physico-chemical Surveys of Major Industrial 
Fields 


The histories of the Le Blanc and the 
Solvay process for making sodium car- 
bonate are text-book classics illustrating 
the tremendous economic consequences of 
applying physical chemistry to industrial 
problems. In one sense there is no new 
feature to report in this field, but merely 
a continued healthy activity. Special 
attention may perhaps be fairly directed 
towards the comprehensive basic studies 
now being carried out by the Research 
Associations in important industrial fields. 
A recent example is provided by the 
account given to the Royal Society by Sir 
Charles Ellis of the present researches 
by the British Coal Utilisation Research 
Association. In addition to the tradi- 
tional activities connected with coal- 
mining, basic scientific studies include 
investigations of the cutting of one material 
by another by drilling, the cleaning of 
coal by froth flotation, the study of the 
structure of coals and cokes by X-rays, 
the study of the micellar or colloid struc- 
ture of coals, determination of the solu- 
bility of components in coal, electron 
diffraction studies of micellar extracts, 
and the physico-chemical mechanism of 
conversion of coal into coke by means of 
a melting of the coal, which precedes ex- 
tensive thermal decomposition. At every 
stage in the comprehensive research on 
coals, applied physical chemistry is of 
dominant importance. Another rather 
older example of the same trend is the 
discussion held by the Faraday Society 
about four years ago on the physical 
chemistry of iron and steel metallurgy. 
At that symposium Sir Andrew McCance 
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stated : ‘ From my own experience in the 
steel industry, the developments in the 
open-hearth process during the last 
twenty years have largely, if not wholly, 
arisen from the physico-chemical approach 
to the open-hearth reactions—an approach 
which has now become the universal 
practice of all those engaged in this 
branch of steel manufacture. But we are 
still far from exercising that exact quanti- 
tative control which must be the ultimate 
aim.’ In my view, in spite of the obvious 
difficulties involved, it is high time that 
the economic importance of applied 
physical chemistry in Great Britain should 
be recognised and fostered by the founding 
of a British Journal of Applied Physical 
Chemistry. 


The Training of the Physical Chemist 


From this survey of progress even in a 
limited number of fields, the very exacting 
demands made on the modern physical 
chemist will be evident. Nowadays it is 
trite to say that broad buttresses of 
mathematics and physics are essential to 
the physical chemist. The really vital 
quality to foster during the training of 
chemists is adaptability to new techniques 
and new possibilities. When it is re- 
membered that the working life of a 
physical chemist trained by the universi- 
ties is about forty years, and when all the 
changes that can arise in forty—or even 
ten years are considered, it seems obvious 
that apart from the perennial firm grasp 
of the basic foundations needed by every 
chemist, the physical chemist must be 
continually exposed to the shock of trying 
out the very latest techniques during his 
training period. Even if these techniques 
have not fully ripened, or even if some of 
them fall by the wayside, the object of 

_training must be to produce chemical 
athenians, ‘ always ready to consider some 
new thing.’ It must be recognised and 
accepted that this process is costly and 
even apparently wasteful of equipment. 
The habit of mind imparted is what 
matters for our economic welfare. 

Apart from sound basic teaching and 
training in adaptability towards new 
methods, there does seem to be an argu- 
ment for imparting some kind of economic 
perspective at the universities to the 
chemist who has to apply his training 


28 


vested | 
omise 
rol of 
right, 
radio. | 
from 
mM. for 
arious | 
ssage | 
or 
erally 
and 
nt of 
stem, | 
equi- 
tions, 
mical 
inary 
diary 
ap 
the 
early 
Tered 
ange 
orre- 
any 
mical 
er it 
se of 
s for 
nom- 
amic 
as 
valu- 
ogen 
phur 
gen, 
The 
tions 
such 
onse- 
fuel 
rtain 
plied | 
e of 
omic 
ions. 
ctive 

to 
the 
|| |_| 


The Advancing Front of Chemistry 


industrially. At present, the background 
education of chemists at the universities 
is largely left to chance influences of the 
academic environment, which can be 
quite inadequate under modern condi- 
tions. Whilst rigidly imposed curricula 
of non-chemical subjects would do harm, 
there is much to be said for requiring the 
study of a selected range of non-chemical 
topics during the years of postgraduate 
research for higher degrees. Such studies 
could promote the increasing tendency for 
scientists to enter various branches of 
public administration. Such a transition 
is likely to favour the rapid application of 
progress in chemistry to economic needs. 
In fact, a two-way traffic between the 
scientific and non-scientific elements in 
education should be our aim. Edu- 
cationally, no one could wish to have our 


leaders of the future blind to the possibilj. 


ties of pure and applied science. Any 


education which does not give some accey | 
to scientific methods and scientific possi. | 
bilities can hardly be regarded as broadly | 
based in our present needs and with the | 


hope of our present opportunities. Because 


of its central position in the sciences, | 


chemistry is bound to have very important 
contributions to make to a more balanced 
and advanced general education of the 
future. We cannot claim to have solved 
the problem of how to construct the 
framework of the new humanism which js 
to balance scientific and non-scientific 
approaches to the world we live in, but 


we can, I think, say that the educational } 


functions of chemistry have valuable 
possibilities not yet developed in con- 
temporary university teaching. 
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THE BIOLOGY OF FLYING 


REPORT OF A SYMPOSIUM 


Ar the Belfast Meeting of the British Association a joint session of Sections G (Engineer- 
ing) and I (Physiology) on Thursday, September 4, 1952, was devoted to consideration 
of the biology of flying. Dr. K. G. Bergin, Medical Superintendent, B.O.A.C., London 
Airport, dealt with some of the physiological and biological problems met with in civil 
air transport. Group Captain W. K. Stewart, of the R.A.F. Institute of Aviation 
Medicine, considered the physiological problems of high performance military aircraft. 
Dr. W. E. Hick, of Cambridge University, spoke on skill and the airman, and Mr. 
D. G. A. Rendel, of the Royal Aircraft Establishment, Farnborough, discussed the 
engineering problems of conditioning aircraft for human occupation and control. 


Crvit Air TRANSPORT PROBLEMS 
by 
Dr. K. G. Bergin 


Dr. BerGIN opened the meeting by 
indicating that apart from the use of air- 
craft, the problems met with in civil and 
military flying were widely divergent. 
Thus, in military flying, danger is an in- 
centive, economics of minor importance. 
In civil flying, safety comes first, followed 
by economy, reliability and comfort. It is 
of primary importance, where safety is vital 
that the health of all flying personnel be 
maintained at a high standard, particu- 
larly with regard to standards of hearing, 
vision, and response to stimuli. In order 
to ensure that this standard applies right 
through their flying career, a system of 
regular medical examinations is employed. 


Aircrew Health 

Firstly, all prospective aircrew members 
are subjected to a rigorous pre-employ- 
ment medical examination which ensures 
that there are no obvious physical defects 
which might impair flying efficiency. 
Subsequent to this, regular medical ex- 
aminations of the same calibre are con- 
ducted to ensure that this standard is 
being maintained. In this way early 
remedial measures can be taken if any 
deficiency is detected. In addition, strict 
attention is paid to the living, feeding and 
recreational conditions of flying personnel 
along the routes, particularly in the tropics. 
This involves close supervision of food 
supplies, sanitation and hygiene, the pro- 


vision of well ventilated, quiet sleeping 
quarters and adequate recreational facili- 
ties. Furthermore, constant supervision 
of flying duties is necessary including 
actual flight times, prevention of the onset 
of fatigue, resting facilities in flight, 
cockpit layout, seating, ventilation, hu- 
midity, lighting, diet en route, and many 
other factors which individually or in 
concert affect a person’s health. 

Such supervision must take into con- 
sideration the many variable factors in- 
volved, including different characteristics 
of aircraft, weather on different routes, the 
persona] problem, and extrinsic psycho- 
logical factors, all of which play a very 
important part. Thus, the man who is 
physically fit but is worrying over domestic 
or financial matters may sleep badly, lack 
powers of concentration, or develop an 
incipient anxiety state inimical to safe and 


- efficient flying. ‘To give sound advice on 


such matters, the Medical Officer must 
be part of the team operating with the 
executive, knowing his subjects personally, 
aware of the physical and physiological 
problems involved and fully acquainted 
with the difficulties that may be en- 
countered en route. The many factors 
met with on the ground during a flight 
must also be taken into consideration 
when assessing flying fatigue, including 
delays due to mechanical, weather or 
other trouble, all of which play their part 
and must be carefully watched. In this 
respect examination of health trends in 
flying personnel is of great interest, par- 
ticularly where comparisons can be made 
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The Biology of Flying 


between different routes, aircraft types and 
flying duties. 


Anoxia 

A particular flying problem is the ques- 
tion of anoxia. The effects of this condi- 
tion are well known, the earliest manifest 
symptoms occurring at about 7,000 ft., 
while a person will become unconscious 
without oxygen at 35,000 ft. in one 
minute. The brain is the first organ to be 
affected. There is deterioration of judg- 
ment, lack of discrimination and percep- 
tion and, occasionally, euphoria. There 
is a free and easy attitude towards prob- 
lems, hilariousness, carelessness and lack 
of skill in the performance of simple 
tasks, not unlike the early stages of alco- 
holic intoxication. These symptoms were 
vividly described recently by the Swiss 
expedition attempting the final assault of 
Everest, where anoxia finally defeated 
them. 

Visual acuity is reduced and night 
vision is noticeably affected. Dark 
adaptation is slowed and there is a change 
in deviation of the extraocular muscles ; 
acuity of hearing is diminished. ‘These 
symptoms can be related to a diminished 
sensitivity and conductivity of the synapses 
in the central nervous system. 

Individuals vary considerably in their 
reactions to anoxia, and in addition to 
this there are a number of extrinsic factors 
involved, including the altitude, rate of 
ascent, duration of exposure, physical 
fitness and the presence of organic disease. 
Thus, the passenger with disease of the 
cardio-vascular, respiratory or haemato- 
poietic system will be much more sus- 
ceptible than one who is physically fit. 

In the past this problem was dealt with 
by the provision of individual oxygen 
masks, but as the majority of modern 
aircraft now have pressurised cabins, 
masks are no longer used except as an 
emergency measure in the event of acci- 
dent or for the use of invalids and the 
aged. 

There is usually a rapid response in the 
anoxic individual to the application of 
oxygen and, in modern civil flying, the 
problem is assuming decreasing import- 
ance. The effects of chronic oxygen lack 
over a long period are increased suscepti- 
bility to fatigue, and even in aircraft with 


pressurised cabins flying at 30/40,000 & 
with a cabin altitude of 8,000 ft. thog 
members of the crew who are constantly 


actively engaged in physical work, such | 
vas the catering staff, may become notice. | 


ably tired. 


Aviation Deafness 


One disability which may be associated | 
with a flying career is the problem of high | 


tone deafness. ‘This is an irreversible and 
progressive condition brought about by 
continuous bombardment of the ear by 
noise. Sound energy released in modem 
aircraft is quantitatively high, but there are 
a number of individual contributions to the 
aggregate, including airscrew tip-speed, 
engine explosions, expansion of exhaust 
gases, and slipstream effects. In the case 
of jet aircraft, high frequency noise is, of 
course, a predominant factor. 

The effect of repeated exposures to 
noise tends to produce permanent altera- 
tion in the high frequency range and if no 
further precautions are taken there is 
usually a progressive decline in auditory 
acuity which can be correlated with total 
flying hours and also age. 

Once established the condition is in- 
curable, but its onset can be prevented 
if timely measures such as insulation of 
fuselages and other preventive steps are 
taken. Tests with the Royal Air Force 
indicate that a well-fitting helmet with 
some form of flexible rubber ear plug is 
the best preventative. 


Transport of Invalids 


The carriage of invalids by air is be- 
coming more common nowadays and there 
are very few cases which are not suitable 
for this form of travel. Among other 
advantages to be. gained from air trans- 
portation is a relatively short journey in 
which the patient can be returned to his 
own country or sent to the doctor of his 
choice in the minimum time with rela- 
tively little discomfort. The advent of 
jet aircraft with reduced vibration makes 
this form of carriage even more desirable 
and comfortable. 

Diseases of the respiratory, cardiac and 
haematopoietic systems require particular 
consideration as there are certain limiting 
factors to be observed, and it is neces 
sary to exclude those persons who are 
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» objectionable to others, the mentally un- 
stable (except under escort) and women 
in the final stages of pregnancy in order 
to avoid an awkward situation en route. 


Air Sickness 

Air sickness is a problem which is 
decreasing in importance and it has been 
estimated that not more than | per cent. 
of air passengers suffer from it nowadays. 
It is analogous to car, train or sea sickness 
and may be simply referred to as motion 
sickness. The symptoms are malaise, 
nausea, dryness of the mouth, pallor, 
sweating and all degrees of sickness in- 
cluding, in severe cases, great prostration. 
Several factors contribute to the condition 
which is considered to be partly psycho- 
logical, partly vestibular and, in part, 
located in the cerebellar cortex. The 
precise location of the receptor apparatus 
is not clear, but it is thought that the 
cristae ampullares and the maculae play 
a major part. 

The most important contributory factor 
is motion of the aircraft either in the 
yawing, pitching or rotational plane, and 
this takes place when an aircraft is turning, 
or in turbulent air conditions. These 
factors are often more prevalent when an 
aircraft is descending from fine weather 
through clouds to an airport before land- 
ing. Other factors contributing to the 
condition include indiscretions of diet 
or alcohol, inadequate ventilation or the 
presence of bad odours, excessive visual 
stimuli, anoxia, and excessive movement 
within the aircraft. The psychological 
element undoubtedly plays a part. Of 
all the remedies tried, hyoscine hydro- 
bromide has established itself as the most 
efficacious basic constituent, although 
strong claims have been made for drama- 
mine and the anti-histamines. 


Epidemiology 

One of the major problems arising as a 
result of inter-continental air travel to-day 
is the transference of communicable dis- 
eases by air. Hitherto, a person travelling 
from one country to another by ship was 
on board long enough to incubate the 
disease and for signs to be manifest before 
reaching another country. Under present 
or expected rates of air travel these con- 
siderations no longer apply, for a passenger 


= 


377 


The Biology of Flying 


passes rapidly from an endemic to a non- 
endemic area within a few hours, and 
might well introduce a communicable 
disease into the latter unless the strictest 
possible precautions are taken to prevent 
such an occurrence. 

Any regulations designed to deal with 
such a problem must be on an inter- 
nationally agreed basis and unless such 
regulations are strictly observed by all 
parties they lose their value. Such 
matters are controlled by the World 
Health Organisation and deal with five 
main diseases which could be spread by 
air travel, namely smallpox, yellow fever, 
typhus, plague and cholera. 

If the measures employed are to be 
effective, several fundamental criteria 
must be fulfilled. First, the immunising 
agent must be effective in controlling the 
disease. Agents vary through wide de- 
grees in this respect. Thus, in smallpox 
and yellow fever the protection is good— 
in others not so good. Secondly, the 
vaccinations will be determined by the 
route over which the passenger is travel- 
ling. Thirdly, in order that the plan may 
be acceptable on a world-wide basis, some 
internationally agreed form of certifica- 
tion is necessary. Lastly, agreement must 
be reached on details of the procedures 
whereby immunisation is effected. 

The control of disease in Britain is exer- 
cised by the Port Health Authorities, who 
are responsible to the Ministry of Health 
for scrutiny and supervision of all personnel 
and aircraft coming into the country, 
their duties being similar to those exer- 
cised over shipping. Thus, the captain 
of an aircraft has on arrival to produce a 
manifest indicating whether he has any 
suspected cases of sickness on board which 
require investigation. 

In the case of yellow fever certain 
countries, notably India, demand dis- 
insectisation of aircraft in order to ensure 
that the vector is destroyed in any aircraft 
travelling from yellow fever endemic areas. 

Personal protection against such dis- 
eases as malaria and the typhoid fevers is 
also desirable. 


Temperature, Ventilation and Humidity 


Control of atmospheric conditions in an 
aircraft is very important, both for the 
comfort of passengers and the efficiency of 
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aircrew, and not enough attention has been 
paid to this problem in the past. Thus, 
from unheated aircraft, in which the crew 
maintain personal warmth by electrically 
heated clothing, there has gradually 
evolved the pressurised aircraft with a 
system of air circulation which, although 
a great advance on early systems, has not 
yet reached completely satisfactory stand- 
ards of circulation, humidity and tempera- 
ture. The ideal required is a temperature 
of between 60° and 70° F., a relative 
humidity of 25-45 per cent., a circulation 
rate of 2-3 pounds per person per minute, 
the removal of all fumes and odours and 
re-circulation of not more than 50 per 
cent. of the air. A major problem is the 
weight penalty of the water required to 
obtain the desirable levels of humidity. 
If the air is too dry on the other hand, the 
mucous membranes become dehydrated 
with resultant complaints and increased 
liability to respiratory infections. Great 
improvements have been made in recent 
years but there is room for yet more. 


PHYSIOLOGICAL PROBLEMS OF HIGH 
PERFORMANCE MILITARY AIRCRAFT 


by 
Group Captain W. K. Stewart 


Group Captain STEwartT spoke of the 
physiological problems met with in flying 
high performance military aircraft. He 
said that, in the R.A.F., aviation medicine 
had come to mean the application of the 
basic medical sciences to problems affect- 
ing the operational efficiency of flying 
personnel, their safety and survival in the 
emergencies of flight and, to a more 
limited extent, to specialised aspects of 
their selection. 

An encouraging symbiosis (based on a 
mutual respect of all), has been evolved 
between the scientist, the engineer and the 
pilot, with the result that each has made a 
valuable contribution, fully appreciated by 
theothermembersoftheteam. Theimpor- 
tance of this combined effort is widely 
recognised, not only by the designers of 
_ aircraft but by the flying personnel, at 
the highest, as well as at the squadron 
level. This is because the modern, high 
performance military aircraft can, in every 
aspect, impose stresses vastly greater than 


the powers of adaptation of the human 
body. In the next decade, it will | 
essential to solve the physiological prob | 


lems before the design problems. 


The Limitations of Human Performance 


The physiologist can best aid the en. | 
gineer by producing the required informa. } 
tion on the useful limits that the body will | 
withstand if exposed to a situation which | 


endangers the completion of any skilled 
task or life itself. An interesting example 
of the pooling of resources is afforded by 
the physiological and anatomical limita. 
tions of the seated body in response to 
loads imposed by accelerations (or de. 
celerations) of the seats and safety harness, 
The body responds to the load with a 
natural frequency of 12—13 cycles per second 
which is of utmost importance when the 
seat is accelerated upwards but of little 
importance practically when the seat is 
decelerated so that the load is taken by 
the back. 

The physiological determination of the 
parameters of ejection seats therefore in- 
volved a full-scale investigation with 
electronic recording methods whilst the 
British rocket track experiments on back- 
ward-facing seats, although modest in 
provision, have also been instrumental in 
saving the lives of both flying personnel 
seated in aircrew positions and passengers 
in transport aircraft. 

It is impossible to do justice to the 
diverse aspects of the subject in the time 
available but it may be worth while ex- 
amining some of the more important 
physiological limitations according to their 
relationship to the major systems of the 
body. 


Respiration and Gas Exchange 


The mechanics of respiration are of 
great importance, particularly in the 
design of oxygen equipment, which re- 
quires most careful control if tolerances of 
comfort to inspiration and expiration are 
not to be exceeded. Normally the ventila- 
tion or minute volume of aircrew lie 
between 12-14 litres min. B.T.P. but under 
conditions of excitement, work, or anoxia, 
both rate and volume may _ increase 
markedly. Oxygen equipment must 
therefore be capable of passing gas flows 
of up to 200 L/min. at back pressures of 
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no greater than 2” H,O, but should have 
back pressures of 7,” at ordinary flow 
rates. ‘This scale allows for the passage of 

flows which may be over three times 
as great as the average minute/volume. 

Thus it will be seen that the engineer 
must accept from the physiologists the 
requirements for pressurisation of the 
cabin. These requirements are a balance 
between the limits indicated above and 
these imposed by gas exchange. 

If flying personnel be exposed to long 

iods of breathing air at 10,000 feet, 
when the arterial oxyhaemoglobin satura- 
tion is never higher than 89 per cent., 
undue fatigue results with its concomitant 
risks. Hence, aircrew without additional 
oxygen in the inspirate, should not fly at 
cabin altitudes greater than 8,000 feet and 
preferably 5,000 feet. 

At higher altitudes, even an inspirate of 
pure oxygen does not prevent unconscious- 
ness from developing. Following explosive 
decompression to 52,000 feet unconscious- 
ness is lost within 10-15 seconds, a time 
approaching the oxidative reserve of 
the brain; the reason is simple in that 
the ambient atmospheric pressure of 
77mm. Hg. only allows some 30 mm. Hg. 
to be at the disposal of both oxygen and 
carbon dioxide. There may therefore be 
a state of acapnia as well as anoxia. 

This is the most dangerous human 
limitation to high altitude flight. If the 
designer cannot guarantee absolute in- 
tegrity of the cabin with its artificial 
atmosphere—and here there is marked 
divergence between military and civil 
designs—the engineers must provide either 
amethod of escape from the aircraft which 
can be used within the brief time reserve 
of consciousness, or an artificial atmo- 
sphere around the pilot to replace the 
pressure in some degree. 

_ Physiological requirements for escape 
indicate that the method used must be 
automatic, imposing the least expenditure 
of muscular energy either in releasing 
escape hatches or in clearing the aircraft. 
The basis is therefore an automatic ejec- 
tion seat in which the pilot can carry out 
within 2-3 seconds the necessary move- 
ments at a very low oxygen consumption. 

An interesting problem relating to 
gaseous exchange is the occurrence of 
decompression sickness in a percentage of 
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normal flying personnel after exposure to 
35-57,000 feet for thirty minutes to one 
hour. The syndrome is akin to the ‘ bends’ 
of divers and has been often described 
as varying from intractable limb pain to 
collapse, syncope and unconsciousness. 
This condition is due to the formation of 
bubbles of nitrogen which mostly remain 
subclinical unless the ratio of the partial 
pressure of the dissolved nitrogen in the 
body tissues and fluids to the atmospheric 
partial pressure is greater than 2-7. 


Circulatory and Vasomotor Systems 


The major problem concerning the 
circulation is of course the effects of centri- 
fugal acceleration which result from 
violent changes in speed or direction and 
occur mainly in fighter aircraft or ground- 
attack aircraft. The subjective effects 
upon the pilot, in order of frequency and 
importance, are gross fatigue, mechanical 
impairment of muscular function, loss of 
vision, loss of consciousness and impair- 
ment of psychomotor reactions. 

The objective physiological effects are 
entirely due to the increase in weight of 
the tissues of the body which is propor- 
tional to the acceleration ; thus although 
arterial pressure at heart level may rise, 
the pressure at the brain and eye may fall 
almost to zero, and the pressure at the 
ankle rises accordingly. Maintenance of 
the acceleration leads to a secondary fall 
in cardiac output due to a failure of 
venous return. 

Due to the intraocular pressure of 
20-25 mm. of mercury, retinal ischaemia 
usually occurs before cerebral, but this 
may not always be true in modern 
fighter aircraft where a very rapid rate 
of rise of acceleration is possible with 
a consequent rapid fall in carotid blood 
pressure. 

There are various intrinsic physiological 
procedures which may be taught and 
which can afford a most valuable measure 
of protection to the pilot. Those which 
afford a positive abdominal-thoracic pres- 
sure ratio naturally give the greatest sus- 
tained rise in carotid pressure and hence 
the greatest protection ; however, volun- 
tary protective manoeuvres of this kind 
are not only difficult to teach but may 
break down under the excitement of 
combat. 
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The engineer must therefore be con- 
cerned, first, with providing the aircraft 
with seating arrangements offering the 
shortest possible distances between ankle 
and heart level, and heart and eye levels, 
consonant with comfort ; and secondly, 
with the provision of artificial methods of 
protection which give positive abdomino- 
thoracic pressure ratios proportional to 
the value of the acceleration imposed. 

Anti-g suits, with the necessary aircraft 
installations giving air inflation at con- 
trolled pressures, give on an average 
sufficient protection for most purposes. 
Their design is a compromise between a 
practical solution and the physiological 
principles involved. The final physio- 
logical limitation to their development is 
probably the pressure which in theory is 
developed in human subjects in the right 
side of the heart and pulmonary artery, 
and causes structural damage similar to 
that demonstrated in animals. 


Temperature Regulations 


The possible range of cabin tempera- 
tures to which military flying personnel 
may be exposed is greater than in any 
other occupation and may exceed +60° C. 
according to the circumstances. The 
relative humidity of the cabin atmosphere 
may vary from 80 per cent. to 5 per cent. 
according to the altitude and climate. 

The design of the aircraft may also tend 
to form abnormal temperature gradients 
from head to feet due to reflection of the 
longer wavelengths of the spectrum by the 
cockpit canopy. At altitude, radiation 
and conduction play a relatively greater 
part in heat loss than convection but there 
may be the risk of exposure to very low 
temperatures at wind speeds greatly in 
excess of any found at ground level. 

There are three other factors which 
have to be taken into consideration. 
First, the flying clothing worn, secondly 
the state of acclimatisation, and thirdly 
the duration of exposure. 

These conditions present very acute 
problems both to the physiologist and to 
the engineer and demand a most flexible 
system of cabin temperature control. 

The cabin environment must therefore 
allow flying personnel to wear clothing 
with an insulation value of 3 to 4 clo in 
very cold climates, or very light weight 


clothing in warm climates, without reduc. 
tion of working efficiency from grog 
alteration in body temperature. 


The Special Senses and the Central Nervous 
System 


It has rightly been stressed that flight 
depends largely upon visual cues and that 
the aim of flying training is the facilitation 
of motor responses to the reception of these 
cues, their correct interpretation, and, 
just as important, their anticipation, 
Flying training also develops inhibitory 
processes which are essential, for example, 
in flight under instrument conditions 
when kinaesthetic sensation and labyrinth. 
ine sensation may give rise to conflict, 
sometimes with fatal results. 

Flight in modern jet propelled aircraft 
does not demand inherently higher skill 
from the trainee than did the training of 
his predecessors of a decade ago. How- 
ever it is probably true that there is far 
less temporal latitude in emergencies of 
various kinds. 

An examination of reaction times ex- 
perimentally in flight gives the somewhat 
surprising results that 0-5 second may be 
taken as an average response time to a 
simple visual stimulus in a continuous 
tracking task, 2-0 seconds an average 
response time to a not unexpected situa- 
tion which requires analysis to which the 
pilot has been trained, and 4-0 seconds or 
longer for the reaction to an unexpected 
warning signal placed in the field of vision. 

One of the most important tasks faced 
by engineers and specialists in aviation 
medicine is therefore the development of 
methods of ensuring the optimum layout 
of cockpits as working spaces. Every de- 
tail must therefore be scrutinised at an 
early stage in the construction of any 
aircraft. The centre of the instrument 
panel is fixed at a distance from the eye 
which avoids accommodation fatigue and 
the control knobs and switches have to 
be so placed that no size of individual 
prolongs reaction times unduly by being 
unable to reach the controls readily. 

In the same way constant research and 
development are required on the position- 
ing of knobs, switches and controls so that 
any possible ambiguity or confusion 1s 
avoided and so that identification can be 
easily made by the touch of gloved hands. 
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The presentation of the information by 
the various instruments also demands 
constant collaboration between engineers 
and psychologists in that each instrument 
jsa compromise between reading accuracy, 
size and ideal performance. The physio- 
logist’s major interest is to foster this 
development not only by producing basic 
ideas but by flight testing and assessing 
their performance under blind flying 
conditions. 

Noise and vibration constitute one of 
the fields in which collaboration between 
the physiologist and the engineer can be 
most fruitful. This, however, is best 
dealt with by the engineer since the 
physiological requirements simply demand 
the maximum occlusion possible. This 
ensures airmen of the highest signal noise 
ratio over the inter-communication sys- 
tems and exposure to the lowest overall 
intensity of a noise field in order to avoid 
high tone deafness. 


SKILL AND THE AIRMAN 
by 
Dr. W. E. Hick 


Dr. Hick introduced the subject of skill 
and the airman by saying that the study 
of piloting skill is a special branch of a 
wider subject—namely, the properties of 
the human operator of machine controls 
of all kinds. It is only in the last twelve 
years or so that engineers, physiologists 
and psychologists have come together, of 
necessity, to try to elucidate the nature of 
skill in this context. 

The problem is the behaviour of the 
man-machine combination, and especially 
how to achieve the best results from that 
behaviour. Its solution is necessary for 
the designer to be able to fit the machine 
to the man. 

A designer describes the behaviour of 
the machine in response to the controls 
mathematically. ‘To complete his picture, 
he needs a mathematical formulation of 
the relevant properties of the man—the 
pilot. A complete and exact formulation 
is out of the question, but if we admit laws 
of probability as valid partial descriptions, 
and if we limit ourselves to the pilot’s 
Moment-to-moment reactions, we have 
an attainable objective. For instance, 


The Biology of Flying 


we might start from the assumption that 
a fighter pilot decides to aim his machine 
at an enemy executing a given motion. 
We then consider how accurately he can 
do this. 

Two mathematical techniques have 
been enlisted in this study—the theory of 
cyclic systems (or servo-mechanisms, as 
they are loosely called) and the theory of 
information and communication. 

We have to regard the pilot as a sort of 
computing-box, into which information 
is fed at one end, so to speak, and from 
which it is delivered, suitably (or un- 
suitably) transformed, at the other. The 
pilot’s output is a set of independently 
varying muscular forces applied to the 
various controls. The effects of these 
forces pass through the aircraft and its 
instruments back to the pilot’s sense 
organs, and so on, as if round a loop. 

Consider the task of controlling the 
attitude in pitch so as to align the nose on 
the horizon. A small deflection of the 
stick applies a proportionate pitching 
moment to the aircraft. As the angular 
velocity develops, the swing of the tail 
across the airstream produces an opposing 
damping moment, and the angular dis- 
placement begins to set up an opposing 
restoring moment. The aircraft behaves, 
in fact, like a pendulum in a viscous fluid ; 
it takes perhaps as much as half a second 
to settle substantially to its new stable 
attitude. This type of response resembles 
in principle the behaviour of control 
mechanisms encountered elsewhere. 

In general, if a human operator of a 
control mechanism is trying to minimise 
the error or deviation from some desired 
state (which may be varying), it has been 
found that the effective stimulus is roughly 
the weighted sum of the deviation and its 
rate of change. 

The average effect of the human reac- 
tion time is equivalent to a fixed time-lag 
of about 0-3 second. Soasimple model of 
the human operator performing a con- 
tinuous controlling task of this kind is 


(A + p) H = e.°3°(B + Cp)E = deviation 


H = handle dis- 
placement 
p =d/dt 


The only virtue of this equation is that 
it is the simplest differential equation that 
bears any useful relation to the facts at 
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all, although in reality, the brain works 
in discrete steps, in which the collection of 
information alternates with its discharge 
in action, mental or physical. However, 
the discontinuity is not a serious dis- 
crepancy for this sort of approximation. 
What is important is that the constants 
have no fixed values. They vary between 
individuals, they vary at random from 
moment to moment and from day to day, 
and they vary systematically as practice 
adapts them to the particular mechanism 
being operated. 

The human operator has resources not 
accounted for in the simple model. For 
instance, he can utilise some of the past 
history of the deviation, but this occasional 
intervention of an over-riding influence is 
perhaps better left out of the mathematical 
model. It can, however, be of practical 
importance in using a mechanism which 
is under-damped and has a _ natural 
frequency in the region of one cycle per 
second, because, owing to the reaction 
time lag, there is a tendency to resonance 
when man and machine are linked to- 
gether in a closed loop. 

The chief significance of this phenom- 
enon is not its danger but the fact that 
it forces the pilot to adopt, intermittently 
or continuously, a technique less efficient 
than it otherwise could be. 

When the control is fully damped and 
aperiodic, the fact that the human reaction 
time introduces a natural frequency be- 
comes important when we consider the 
random errors or fluctuations ineradicable 
from any manual skill, for they tend to 
excite oscillations at this frequency. It 
also affects the possible performance and 
the optimum design of the control mechan- 
ism in ways which have, to some extent, 
been analysed. 

Flying controls have normally a large 
aerodynamic restoring force, and the 
range of movement used in accurate 
control at high speeds may be almost 
imperceptible. Hitherto this has arisen 
from such things as the need for adequate 
control at stalling speed. With the advent 
of power-operated controls, any desired 
‘ feel ’ can be provided, in theory. There 
are many special points to consider, but 
a relevant experimental finding is that 
with a velocity.control it is best to use a 
lever which has no appreciable movement, 


but to which the operator merely applies 
forces. 


The Information Theory Approach 


The random element in human be. 
haviour is even more important in con- 
nection with the ancillary controls and 
with instrument reading. It does not 
require much skill to press the button that 
lowers the undercarriage ; the skill lies 
in never forgetting to press it. It is easy 
to read an altimeter ; it is also disturb. 
ingly easy to misread hundreds of feet as 
thousands, and the like. The art of not 
making such omissions and mistakes may 
be called ‘ reliability skill.’ 

Operations like instrument-reading are 
classified as perceptual skills, but that does 
not mean they have nothing to do with 
action. There is not, usually, a unique 
action associated with each pointer posi- 
tion. What the instrument does is to 
supply partial information—to select a 
class of potential actions, out of which 
collateral information will finally select 
a particular one. 

In general terms, therefore, the whole 
range of a pilot’s skill comes to this: 
the correct translation of information 
received into action taken. This would 
be a mere platitude, if it were not that we 
now have available a usable definition 
of ‘ quantity of information.’ It is essen- 
tially probabilistic in the sense that it deals 
with frequencies of errors and of random 
fluctuations. Its special importance in 
this context is that it provides psycholo- 
gists, for the first time, with a rational 
basis for combining measures of accuracy 
(or reliability) and speed of performance. 
Moreover, it appears to have a natural 
appropriateness to the mental processes 
involved in skill. 

For example, ‘ split-second reactions ’ 
are popularly supposed to be the sign- 
manual of the intrepid aviator. Granting 
that it is sometimes necessary to react 
quickly in the air, and that some people 
are constitutionally a little quicker than 
others, the popular idea is seriously in- 
complete. It omits the fact that the re- 
action must be correct as well as quick. 

A given approximation to correctness 
implies the extraction of a corresponding 
amount of information from the environ- 
ment. In the laboratory, we can vary 
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this quantity in several ways. One way 
is to vary the number of alternative signals 
(each needing a different response) for 
which the man must be prepared. Another 
method is under his own control, for he 
can react more quickly, on the average, 
the more mistakes he permits himself. In 
both, the average reaction time turns out 
to be proportional to the amount of in- 
formation extracted. This and other evi- 
dence suggests that constancy in the rate 
of gain of information is characteristic of 
the nervous system—although the actual 
rate may differ in different circumstances. 

To react quickly is therefore not merely 
a matter of speed of nerve conduction. 
It is a skill which has to be learnt. In 
real-life situations, most of the skill usually 
lies in collecting as much as possible of the 
necessary information beforehand, leaving 
the minimum to be extracted from the 
final trigger-signal. We may therefore 
picture a fluctuating stream of information, 
of all kinds and from all sources, continu- 
ously impinging on the pilot. Normally, 
the average width of the stream—the rate 
of flow—is well within his capacity as a 
channel, so that the probable degree or 
frequency of error is small enough to 
be tolerated. There may be occasional 
bottlenecks, but they are soon cleared. 
But danger arises when something ab- 
normal that requires immediate attention 
occurs, since it causes a sudden expansion 
in the stream beyond the capacity of the 
human channel. 

Clearly, some of this spate of information 
must be delayed if not lost altogether, and 
the result may be a vicious circle—a 
cumulative overload. However, disaster 
is not inevitable. It is often possible to 
cut one’s losses by shifting to another ob- 
jective—that is, making some of the in- 
formation irrelevant. ‘Thus, if one engine 
of a twin-engined machine fails during 
take-off, the machine may still climb if 
the dead airscrew is feathered. But the 
information load is heavy at such a 
moment, and the pilot may forget, or, 
worse still, may feather the good airscrew 
and thus lose all thrust—as actually 
happened in a particular case recently. 
In theory, he might retrieve his error if he 
were very quick. But could he be very 
quick, in the circumstances? Possibly, 
but the odds are against it, and he would 
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be wiser to shift his attention to carrying 
out the forced landing—as in fact he did 
on the occasion referred to. 

Such a case raises three kinds of prob- 
lem. First, can the pilot learn to be 
prepared for all reasonable emergencies ? 
He can, indeed, travel hopefully in that 
direction, and there is much to be said for 
the so-called ‘ flight-simulators ’ in which 
artificial emergencies can be created in 
a fully equipped aircraft cabin on the 
ground. 

Secondly, there is the question of what 
is the least confusing form and arrange- 
ment of the ancillary controls and indica- 
tors; they must, as it were, speak their 
message plainly. Much research has 
been, and is being, done on this problem. 

The third question is when to provide 
an automatic device to do something the 
pilot may forget or do wrongly, bearing 
in mind that the automatic device not 
only implies expense and a weight penalty, 
but will have its own probability of failure. 
What is wanted is a theoretical basis on 
which reasonable inferences can be made 
from the kind of data that it is practicable 
to collect on human _fallibility—which 
brings us back to the search for funda- 
mental principles. Theory or no theory, 
experienced judgment and practical tests 
will continue to play their essential parts 
in all problems of skill and the airman. 


ENGINEERING PROBLEMS OF CONDITIONING 
AIRCRAFT FOR HUMAN OCCUPATION AND 
ConTROL 


by 
Mr. D. G. A. Rendel 


Mr. Davin RENDEL was the final speaker, 
and he surveyed the engineering problems 
involved in maintaining atmospheric and 
environmental conditions in aircraft so 
that the human occupants can function 
efficiently. 

He stated that the physiological and 
psychological difficulties involved in fly- 
ing aircraft at high speeds and altitudes 
present the engineer with a number of 
unusual problems to which there is no 
precise or complete solution. The very 
act of flying is one for which the human 
brain is not in any way conditioned. Al- 
though human beings have always shown 
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an astonishing adaptability and can learn 
to do the most unexpected tasks, never- 
theless they still have no instinctive re- 
actions to the situations presented in 
flying, and can only acquire the necessary 
skills by intensive training. Further- 
more, under the atmospheric conditions 
in which flights are frequently made, life 
cannot be sustained because of the physio- 
logical limitations of the human body. 
The best that the engineer can do is to 
devise systems of control requiring the 
minimum of acquired skill and to produce 
an artificial atmosphere in the cabin similar 
to that encountered near the ground. 


Cabin Atmosphere Control 


The problem of control of cabin atmo- 
sphere in an aircraft differs in one major 
respect from that of air conditioning on 
the ground. In the aircraft cabin it is 
necessary to provide a conditioned atmo- 
sphere at a pressure which will allow the 
human occupants to breathe at the alti- 
tudes at which an aircraft operates. 
Without this, at altitudes above 25,000 feet, 
they would all soon become unconscious 
and die. 

In order to condition the cabin ade- 
quately air must be supplied to it at a 
pressure equivalent to some comfortable 
altitude, in sufficient quantities to provide 
the necessary oxygen for the occupants 
and at a temperature which will ensure 
that the heat balance in the cabin occurs 
when the air in the cabin is uniformly 
comfortably warm. 

As can be imagined this can present a 
problem of some complexity for high 
performance aircraft. All the conditions 
change with great rapidity over a wide 
range during each flight, and there is 
usually a measure of conflict between the 
air pressure and air flow requirements on 
the one hand and the temperature and 
heat flow requirements on the other. 

The distribution of the air within the 
cabin is critical since transparent areas 
such as windows require large quantities 
of heat to prevent mist and ice formation 
whilst equipment such as radio and radar 
sets need cooling and ventilating: further- 
more the cabin temperature distribution 
must be kept as even as possible and 
draughts must be kept to a minimum. 
Control of humidity is also important in 


some cases, particularly where refrigera. 
tion is required; the effects of solar 
radiation at high altitude and those of 
air speed at high Mach numbers are con- 
siderable and very difficult to predict 
accurately. 

It can be seen from these figures that 
for a maximum operating altitude of, say 
25,000 feet and air speeds less than about 
400 knots or a Mach number of 0:6 
(equivalent to 370 knots at 25,000 feet 
and 420 knots at ground level) the prob. 
lem consists mainly of compressing the 
air to twice the atmospheric pressure 
at the cruising altitude and heating it. 
Experience has shown that humidity 
control below 25,000 feet is not normally 
required. 

This is relatively easy to do, and with 
turbine-engined aircraft, where at alti- 
tude the engine compressor is usually 
delivering surplus air which has been 
adiabatically heated, the air supply is 
ready to hand. Furthermore, life can be 
sustained for a long time at altitudes 
below 25,000 feet so that a failure of the 
system is not likely to be serious. 

At higher speeds and altitudes, however, 
the requirements become more difficult 
to meet. 

Increased speeds lead to large tempera- 
ture increases which can only be dealt 
with by refrigeration. Since there is no 
effective cold sink into which the extracted 
heat can be discarded at a low tempera- 
ture the design of the refrigerator can 
easily become complicated and in any 
case very little is known about the rates 
of heat transfer in flight to and from large 
surfaces such as aircraft fuselages. At 
very high speeds (Mach numbers above 
say 1-5) there will be a difficulty due to 
the ram pressure in a forward-facing in- 
take being higher than that required for 
the cabin thus adding further to the 
complication of the pressurising systems. 

Increasing altitude above 25,000 feet 
means an increase in the pressure ratio 
across the cabin walls with consequent 
design difficulties. It also involves lower 
outside air temperatures, increased solar 
radiation, reduced humidity levels and 
more serious results if any sort of failure 
should occur. At extreme altitudes it 1 
even possible that compression of the 
atmosphere will not in itself be sufficient 
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to sustain life because the oxygen content 
of the air will not be great enough. 

In military aircraft where the danger of 
damage to the cabin-conditioning system 
from enemy attack is obvious and the 
need for personal comfort possibly not 
quite so great as in civil aircraft, a second 
line of defence against the atmosphere is 
the provision of pressurised and ventilated 
clothing. Besides being an extremely diffi- 
cult engineering and tailoring problem this 
solution has many other disadvantages, 
not the least of which is the reduction 
in the flying efficiency of the crew. 


Noise and Vibration 

There is at present little fundamental 
difference in noise and vibration suppres- 
sion problems as between aircraft and other 
types of vehicle. At higher speeds, how- 
ever, this may not continue to be so, 
because noise due solely to the passage of 
the aircraft through the air at Mach 
numbers of 1 and above may become 
predominant. 

At present there is no_ satisfactory 
method of measuring objectively the dis- 
comfort caused by noise and vibration. 
There is not even any clear demarcation 
line between the two effects since struc- 
ture-borne vibrations can produce noise 
and vice versa. 

The subjective nature of these results 
has been shown up very clearly with the 
advent of the turbine engine. The in- 
creased comfort of turbine-engined air- 
craft from the point of view of noise is very 
marked and yet, where noise levels have 
been measured with the so-called objec- 
tive meters described above, it has not 
generally been found that the recorded 
levels are much below those of the 
equivalent piston-engined aircraft with 
similar sound-proofing. It seems clear 
that this is primarily due to the greatly 
reduced mechanical structure-borne vi- 
bration of the turbine-engined aircraft 
causing the apparent, as opposed to the 
objective, noise level to be much lower. 

At present we can only say with cer- 
tainty that to the ground observer high 
speed jet aircraft are exceedingly noisy. 


Control Feel 


In considering problems of control we 
must be careful to distinguish between the 
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general ‘strategic’ decisions which the 
controller makes about what he wants 
the vehicle to do next and the more de- 
tailed ‘ tactical’ considerations of how 
he maintains control during the course of 
any particular manoeuvre. ‘Tactical’ 
control, in the sense of completion of a 
manoeuvre (e.g. a roll or a spin) or cor- 
rection of error, concerns the engineer 
intimately since it is his function so to 
design the controls that the ‘ strategic’ 
decision can be put into effect as 
easily and accurately as possible, through 
a servo-mechanism of which the pilot 
is one component. 

The most obvious difference between 
the design of a control system for an 
aircraft and that for any other type of 
vehicle lies in the fact that an aircraft 
can move in three planes, can rotate in 
any one of them and can perform almost 
any combination of these manoeuvres 
simultaneously. A further and more 
fundamental difference appears in the lag 
between the control movement and its 
effect in an aircraft control system. Since 
these are conditions to which the human 
body is totally unaccustomed it is a matter 
of some difficulty to decide what is the 
best method of supplying to the pilot 
information on which he can base his 
tactical ’ control. 

Another factor of great importance in 
the design of aircraft controls is that mis- 
handling of them by the pilot can easily 
lead to break-up of the aircraft and it is 
essential that the pilot should have some 
warning indication, if possible an indica- 
tion which he cannot overlook, that this is 
about to happen. 

Visual indications are of limited value 
for ‘ tactical’ control purposes and rates 
of change of position can often only be 
assessed instrumentally or by ‘feel.’ At 
high speeds instrumental indication in- 
creases the time delay in the pilot’s 
response and in high performance aircraft 
the number of observations required is too 
large for the pilot to cope with. It is 
therefore necessary to provide ‘feel’ for 
the pilot which will enable him to control 
the aircraft with the minimum of acquired 
skill. 

Control ‘ feel’ can be provided in a 
number of different ways. It can be 
made to vary with control movement, 
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with aircraft speed, with normal accelera- 
tion or with a combination of all three. 
In addition a measure of ‘feel’ is, of course, 
achieved by the acceleration forces im- 
posed on the human body itself, although 
this is of limited value. 

For larger and higher-speed aircraft 
servo-controls of some kind are usually 
necessary because of the large forces in- 
volved and there is no way of assessing 
whether the ‘ feel’ provided is or is not 
what is required, since it cannot be com- 
pared with any standard for an aircraft 
of its type. 

The mechanics of ‘ feel’ devices can be 
relatively simple in conception although 
sometimes difficult to put into practice. 
Basically the type which varies with 
control movement depends on the displace- 
ment of a spring, the type which varies 
with aircraft speed depends on the measure- 
ment of pitot pressure and the type which 
varies with normal acceleration depends 
on the force exerted by a weight. These 
signals can be used to operate directly on 
the control, to open a hydraulic or pneu- 
matic valve or to modulate an electric 
circuit from which the ‘ feel ’ is obtained. 

In the case of the high speed fighter, 
capable of withstanding large stresses, the 
normal accelerations imposed on the pilot 
can be great enough to render him un- 
conscious long before the strength limit of 
the airframe is reached. If the most is to 
be got out of such an aircraft therefore it 
is necessary to protect the pilot from these 
effects as far as possible. 

Assuming that the orthodox seating 
position is retained, a measure of protec- 
tion can be given by the application of 
greater pressure to the lower half of the body 
than to the upper. The excess pressure 
of the lower half measured in lb./sq. in. 
should be roughly equal to the number of 
times by which the normal acceleration 
exceeds the acceleration due to gravity. 
This can be expressed as 


Ap=n—1 


when acc*. = ng. 


This result can be achieved relatively 
easily by using a pneumatic reducing 
valve controlled by a system of weights 
and springs and by feeding air to a gar- 
ment worn by the pilot over the legs and 
abdomen. 


Better protection against high, normal | 


accelerations can however be given } 
designing the cockpit so that the pilo 
is in a lying or kneeling position wher 


he is much less sensitive to the effects of | 


acceleration. 


Vision 


Although control of the aircraft from 


visual indications is uncertain, it is never. 


theless essential for the pilot to be able to | 
see his surroundings clearly and quickly | 
over the widest possible field. This js | 


particularly true in the case of the milita 
fighter where the pilot’s life may depend 
on quick recognition of the enemy ; good 


view is also essential for landing and take. | 


off in all types of aircraft. 


There are unfortunately two sets of | 


conflicting requirements in making trans- 
parent panels for aircraft. First, to 
obtain the maximum field of view the 
transparencies must be so arranged that 
the view through them is perpendicular 
to their planes and that they extend as far 
round the cabin as possible ; this is in 
direct conflict with the requirements for 
optimum aerodynamic shape. Secondly, 
the better the transparency of the material, 
the worse are its structural properties. 
For instance, the long chain molecules 
required for transparency in plastics lead 
to an inefficient structural material. At 
present there is no way out of this dilemma 
and the design of all aircraft transparen- 
cies represents a compromise in which 
neither the visual, the aerodynamic nor 
the structural requirements are fully met. 
The engineer is thus always open to 
criticism and there is little he can do 
about it. 

There is, however, another aspect of the 
design of transparencies which presents a 
difficult problem and that is the necessity 
for maintaining clear vision through the 
extreme changes of atmospheric condi- 
tions to which flight at high speeds and 
high altitudes leads. 

In a modern fighter the atmospheric 
temperature may change by over 100° C. 
(212° F.) in a minute or two during 4 
rapid ascent or descent and with the high 
fuel consumption of the turbine engine 
there is little margin left for cruising round 
the aerodrome at the end of a flight to 
allow the aircraft temperatures to stabilise. 
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Whilst not so severe, similar effects occur 
in bombers and large civil aircraft. 
Thus there is frequently a large tempera- 
ture difference between the surfaces of the 
transparency and the air in its immediate 
vicinity. This leads to the deposition of 
moisture in the form of misting (numerous 
very small liquid water droplets) or frost- 
ing (crystalline ice accretion) which is 
very persistent and opaque and can only 
be effectively removed by the application 
of heat. To meet these requirements, 
devices such as sandwich windscreens 
with heated interlayers, radiant heating 
of transparencies, and transparent, elec- 
trically conducting films, etc., are being 
developed. 


Safety Equipment 

Generally speaking, and provided the 
pilot and crew perform their function 
properly, the safety of an aircraft is not 
influenced by biological considerations. 
There are, however, one or two respects in 
which the occupants can influence the 
design of safety equipment. 

One of these is the design of seats and 
personal safety harness, a problem into 
which every kind of subjective opinion has 
intruded. The maior objective for the 
designer of seat harnesses is to protect the 
occupant in the event of a crash landing 
from the high accelerations imposed on 
him. In 95 per cent. of aircraft crashes in 
which there have been fatalities, the cause 
of death has been due to head injuries. 
These head injuries are due to the high 
deceleration of the aircraft in the crash 
causing the head to hit rigid parts of the 
structure with a high velocity. 

The evidence at present available indi- 
cates that in the more controlled type of 
crash landing, accelerations are not likely 
to exceed values of about twenty-five 
times gravity. Some aircraft structures 
can stand more than this without disin- 
tegration but the number of occasions on 
which accelerations greater than 25 g and 
less than 40 g occur is likely to be a very 
small percentage of the total number of 
crashes. There is therefore no object in 
increasing the strength and thus the weight 
of seats and their attachments above that 
necessary to withstand 25 g. 

With the present civil type of harness— 
a simple lap strap—and a forward facing 
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seat the human body is not adequately :: 
supported to withstand accelerations much ; 
in excess of 6 g. Military aircraft, how- 
ever, are fitted with either rearward facing 
seats in which the body can be supported 
to withstand 25 g, or shoulder harness 
which improves matters in the forward 
facing seat, taking the maximum tolerable 
acceleration to about 16 g. 

In existing civil aircraft there is therefore 
no object in increasing the seat attach- 
ment strength above 6 g unless either 
shoulder harnesses or rearward facing 
seats are provided. Similarly there is no 
object in providing these facilities unless 
the seat attachment strength is simul- 
taneously increased with consequent extra 
weight, because even though the body is 
properly supported, the seats will still 
come adrift. 


Escape 

The problem of escape from the aircraft 
in flight is one which relates only to mili- 
tary types. 

All modern high performance aircraft 
are fitted with pressure cabins. Before an 
escape can be made some part of the cabin 
structure (door or canopy or hatch) must 
be detached to provide an exit. The man 
must be able to survive under the reduced 
pressure and temperature which will then 
occur, climb through the exit into the 
atmosphere, fly through it for a brief 
period, at a speed high enough to tear 
off his clothing and break his bones, and 
then make a safe descent by parachute. 

Difficulties are apparent at every stage 
of this process. First, it is difficult to 
provide in a pressure cabin a structurally 
sound door or canopy which is also 
jettisonable in flight. Secondly, when it 
had been persuaded to jettison or open it 
usually tends to become uncontrollable 
and damage some other part of the air- 
craft. Thirdly, means must be provided 
for the man to get through the exit, with- 
out interrupting his oxygen supply, at 
very high aircraft speeds and possibly also 
with imposed accelerations. 

To overcome the difficulties met with, 
such developments as ejection seats, 
shielded doors and hatches, personal 
emergency oxygen equipment and auto- 
matic barometric parachute releases, etc. 
have been or are being pursued. 
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LOCATION OF INDUSTRY IN NORTHERN 
IRELAND 


Art the Belfast Meeting of the British Association, Section E (Geography) and Section F 
(Economics), held a joint session on September 8, 1952, on the Location of Industry in 
Northern Ireland. ‘Two of the three papers given are printed below. Professor Wilfred 
Smith, of Liverpool University, deals with the principles of the location of industry and 
their application to Northern Ireland. Mr. B. J. Ahern, of the Ministry of Commerce, 
Belfast, deals with the industrial problems facing the Government of Northern Ireland, 
He discusses the weaknesses of the present industrial structure in Northern Ireland and 
the Government’s policy for remedying these defects. 


THE LOCATION OF INDUSTRY IN NORTHERN 
IRELAND 


by 
Prof. Wilfred Smith 


In considering this important problem of 
the location of industry in Northern Ire- 
land, I think it is essential at the outset 
to try to establish a framework of limiting 
conditions within the bounds of which 
discussion can usefully proceed. 

The first limiting condition is that of the 
size and population of Northern Ireland. 
It is within the bounds of possibility that 
the two giants of the world at the present 
day, the U.S.A. and the U.S.S.R., could 
become economically self-contained : they 
have the great size and the large popula- 
tion which economic self-sufficiency in 
the modern world requires. Northern 
Ireland, and Great Britain for that 
matter, cannot possibly conceive of self- 
sufficiency in this sense. Great Britain, 
it is true, has a population which would 
allow industrial self-sufficiency, but she 
has not the acreage to feed this large popu- 
lation even at a very low standard of 
nutrition. Northern Ireland, on the other 
hand, has an acreage which would permit 
her to feed her people, but she has not 
the aggregate of population for industrial 
self-sufficiency at present standards of 
living with its very varied demands. 
Northern Ireland cannot, therefore, con- 
template a self-contained economy. Her 
population is of the order of that of 
Merseyside and is considerably less than 
that of South-east Lancashire, of West 
Yorkshire or of the West Midlands. 
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None of these makes any approach to- 
wards even industrial self-sufficiency. 
The second limiting condition is that 
of physical resources. Even the im- 
mensely varied physical resources of the 
U.S.A. or of the U.S.S.R. are inadequate 
to supply all their needs: they are de- 
pendent on imports for a few commodi- 
ties which for geological reasons they do 
not possess or which for climatic reasons 
they cannot produce. Northern Ireland 
has physical resources of soil and climate 
for agriculture and her agriculture provides 
raw materials for industry, but she has 
only restricted mineral resources, whether 
for industrial processing or for power. 
During the nineteenth century British 
factory industry congregated on the coal- 
fields ; the growth of factory industry 
in Northern Ireland was then restrained 
by the lack of large coal resources and 
those forms of industry were developed in 
which costs of power were small in relation 
to value of product. But the tie of industry 
to the coalfields is now much looser than 
it was in the nineteenth century owing 
to the greater ease of transporting coal, 
though it will continue to be pronounced 
in some trades. Northern Ireland can im- 
port coal by sea from coastal coalfields in 
West Cumberland and Ayrshire as easily as 
London can import coal by sea coastwise 
from the North-east Coast. Nevertheless, 
London, as embodying the new industrial- 
ism, has a very different kind of industrial 
structure from that of the coalfields, requir- 
ing less power relative to the value of out- 
put and to the numbers employed. The 
situation of Northern Ireland relative to 
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coalfields is not dissimilar to that of London. 
The physical resources of Northern Ireland 
thus favour those industries which arise out 
of agriculture and discourage those indus- 
tries which require large mineral resources 
or large quantities of power. 

The first issue to which some considera- 
tion must be given is whether special- 
jsation On a narrow range of industries 
or diversification among many is the 
most desirable industrial structure. That 
specialisation was the more desirable was 
sound doctrine during the nineteenth 
century under the conditions of laissez- 
aire when economic efficiency was the 
yardstick. ‘This is regarded as less sound 
doctrine to-day partly because protection 
shelters inefficient industry and partly 
because economic efficiency is no longer 
the universal yardstick, having been re- 
placed in so many minds by that of con- 
tinuous employment. Diversification of 
industry, so the argument runs, mini- 
mises the risks of industrial depression and 
hence of unemployment. We are only 
too painfully familiar with the matrix of 
circumstances out of which the diversifica- 
tion policy was born, for it is true to say 
that diversification is as much a policy of 
times of depression as specialisation is a 
policy of times of expansion. 

The argument of specialisation versus 
diversification involves issues which are 
very difficult to resolve. Specialisation 
is economically efficient in an expanding 
economy ; diversification is socially de- 
sirable in a contracting or static economy. 
Specialisation frequently, though not al- 
ways, is rooted in the resources of the 
region, diversification as frequently con- 
tains elements which have no roots what- 
ever in the region. Specialisation creates 
a coherent group of inter-connected in- 
dustries ; diversification may give rise to 
an incoherent collection of bits and pieces 
assembled by chance, and what comes by 
chance may equally well depart by chance. 
The virtues of specialisation were proved 
during the nineteenth century; the vir- 
tues of diversification cannot be proved 
until the onset of severe and lasting de- 
Pression, a time of testing which we hope 

never occur. 
_ Let us now look at the extent of special- 
isation in the existing industrial structure 
ofNorthern Ireland. Regional specialisa- 
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tion within the United Kingdom may be 
defined as the possession of a percentage of 
a particular industry in excess of the 
percentage that the population of the 
region bears to that of the United King- 
dom as a whole. Thus, Northern Ireland 
in 1951 had 78-5 per cent. of those em- 
ployed in the spinning and weaving of 
flax and hemp, but in 1931 and 1951 alike 
2:7 per cent. of the total population. 
The industries in which Northern Ireland 
specialises fall, with few exceptions, into 
three groups : the first, the linen and its 
derivatives, textile finishing, shirt-making 
etc.; the second, shipbuilding, marine 
engineering, textile engineering; the 
third, bacon curing, grain milling, food 
preserving. Agriculture should, of course, 
be added to the list. Specialisation may 
be the result either of favourable material 
resources or of greater efficiency or of 
conditions which, while not giving absol- 
ute advantage, give relative advantage 
and permit the operation of the theory of 
comparative costs. Let us glance at each 
of these in turn. To what extent, first, 
do the industrial specialisms of Northern 
Ireland reflect favourable material re- 
sources? Bacon curing and, in part, 
linen manufacture are both based on 
Northern Ireland agriculture bound up 
with small farms and run by family labour. 
Grain milling in Northern Ireland spe- 
cialises on oats. Textile finishing and 
shirt-making are, of course, derivatives 
of the linen manufacture and members 
of the linen sequence. The significance of 
the farming background to the industrial 
specialisms of Northern Ireland is clearly 
displayed. Shipbuilding employed some 
Irish timber so long as vessels were built 
of wood but it is now dependent on im- 
ported materials and its chief physical 
advantage is Belfast Lough. It is very 
difficult to determine whether, secondly, 
these industrial specialisms display greater 
efficiency than similar industries in other 
parts of Britain. If the usual index of net 
output per person employed be used, 
Northern Ireland is below Great Britain 
in respect of industry considered as a whole 
and also in respect of those industries in 
which Northern Ireland has specialised, 
with the single exception of bacon curing. 

I am not convinced that net output 
per head is a wholly valid test of efficiency 


2c 


ion F 
try in di 
y and 3 
Lerce, 
land. 
and 
h to- 
that 
im- | 
f the 4 
Juate 
> de- 
10di- | 
y do << 
isons 
land 
nate 
rides : 
ther 
wer. a 
itish | 
‘oal- 
stry 
ined 
and 
d in 
han 
ing 
oal, 
ced 4 
im- 
in 
“4 
CSS, 
ial- 
‘jal 
ut- 
‘he = 
to 


Location of Industry in Northern Ireland 


and it is certainly not a valid test of 
physical productivity for it registers 
inter alia wage levels as well as physical 
output. But the difference between net 
output per head in Northern Ireland 
and net output per head in Great Britain 
is much less for those industries in which 
Northern Ireland has specialised than 
for those in which Northern Ireland has 
not specialised. ‘This index, imperfect 
though it may be, thus displays the 
operation of the third possible condition, 
that is, the theory of comparative costs. 
It may be that Northern Ireland has not 
an absolute advantage in those forms of 
industrial production in which she has 
specialised, though from the evidence it is 
difficult to be sure, but she has certainly 
a relative advantage in these industries 
as compared with those in which she has 
not specialised. 

The second issue which demands con- 
sideration is the kind of industry most 
suitable to the particular conditions of 
Northern Ireland, if it be conceived that 
the existing industrial structure requires 
additional elements grafting on to it. 
I consider it necessary to discuss the prob- 
lem in these terms, for to encourage any 
and every industry, whatever its nature, 
which by chance is willing to come to 
Northern Ireland is not a policy but op- 
portunism. Industries vary enormously 
in their location factors ; some are tied 
to the site of raw materials, some are 
tied to fuel or power, some are tied to 
areas of special skills, some are tied to 
their market ; others, however, may be 
located independently of all these but 
may be attracted by large aggregates of 
population. Those tied to raw materials 
normally employ large quantities of 
materials low in value in proportion to 
weight and some exhibit a large loss of 
weight in the course of manufacture ; 
iron smelting in blast furnaces is an 
example. Those tied to markets either 
exhibit the reverse condition, a positive 
gain in weight or bulk in the course of 
manufacture, or they make a perishable 
product or they need personal contact 
with the consumer. Bread baking is an 
example of gain in weight during manu- 
facture and also of a perishable product : 
bespoke tailoring is an example of per- 
sonal contact with the consumer. Those 


tied to fuel or power include many of 
the smelting industries. Those tied t 
special skills include all those industrig 
in which craftsmanship still remains of 
supreme importance and they are more 


common in the handicraft than in the | 


factory trades. 

Northern Ireland could satisfactorily 
develop industries based on agricultural 
raw materials, especially those arising out 
of stock farming and the processing of 
certain crops. Northern Ireland also has 
opportunities for the development of those 


handicraft trades which can be practised | 


domestically or in small workshops, espe- 
cially those which would fit into the 
interstices of the agricultural time-table. 
Northern Ireland could not, however, 
satisfactorily develop those industries re- 
quiring large quantities of low-cost power, 
especially if the materials had to be im. 
ported in addition. Most of the smelting 
industries are thus ruled out. Nor could 
Northern Ireland satisfactorily develop 
industries based on imported raw materials, 
if they be bulky or low in value in pro- 
portion to weight, except those industries 
for whose products Northern Ireland 
itself presented a sufficiently large market. 
Examples of industries of this class are 
sugar refining, oil-seed crushing, soap 
making, margarine manufacture. Each 
of these requires large-scale operation for 
economic production. If the internal 
market for the products of such industries 
be small, either the factory must be small 
also and in consequence a_ high-cost 
operator or, if the factory be large and a 
low-cost operator, it must export its 
products to other parts of Britain. Be- 
sides operating at lower costs, a large 
factory can also import full tramp cargoes 
and so reduce shipping freights. 

I come finally to that vast congeries of 
industries firmly located neither by raw 
materials, nor by power, nor by markets, 
nor by special skills. They are the very 
industries sought after by every part of 
Britain which desires to diversify its in- 
dustrial structure. In so many ways they 
represent the new industrialism which, 
within Great Britain, has been attracted 
especially to Greater London and to the 
English Midlands and has not been 4t- 
tracted to the same extent to the North 
of England, to Wales or to Scotland, 
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except when special facilities have been 
provided in a time of licences and con- 
trols as in the Development Areas and 
on the industrial estates. These indus- 
tries have been attracted to the large 
aggregates of population, partly for the 
initial market which they offered, partly 
for labour of varying types and skills, and, 
in particular cases, for the advertising 
yalue of the place and for the centrality 
of its position for the distribution of 
fnished products. The attraction of 
London and of the Midlands on these 
grounds is obvious. In contrast, Northern 
Ireland suffers in many respects ; it has 
not the advertising value of ‘ made in 
London ’ and it has not the centrality of 
the Midlands within Great Britain, though 
it has labour of some variety of skill and 
it presents a market of moderate dimen- 
sions. The new industrialism, though 
attracted to large aggregates of popula- 
tion, is not, however, tied to them. North- 
ern Ireland has, in fact, several industries 
of this kind. The local market, though 
important to an infant trade, is of little 
significance to fully-grown firms prac- 
tising this class of industry ; skills can be 
learnt and many large firms have training 
departments to create the special skills 
they require ; but a position of centrality 
isa more permanent advantage, although 
it must be remembered that a seaport 
town, such as Belfast, has facilities for 
distribution of finished manufactures 
which an inland town does not possess. 
With industries of this class, fixed neither 
by raw materials, nor by power, nor by 
skills, nor by markets, enterprise and 
efficiency can compensate for lack of the 
advantages which large centres of popu- 
lation such as London and the Midlands 
unquestionably possess. But the enterprise 
and the efficiency and the special facilities 
must be of a superior order than elsewhere. 


INDUSTRIAL PROBLEMS FACING THE 
GOVERNMENT OF NORTHERN IRELAND 


by 
Mr. B. J. Ahern 
Scope of the Problem 


It is almost a truism to say that this area 
has long been excessively dependent on a 
narrow range of manufacturing industries. 


Location of Industry in Northern Ireland 


These are principally linen manufacture 
in all its phases, clothing manufacture, 
shipbuilding and marine and _ textile 
engineering. There are also large thriv- 
ing industries devoted to the manufacture 
of ropes and tobacco. An accident of 
history in the shape of immigration of 
Huguenot settlers from the Continent in 
the seventeenth century led to the estab- 
lishment of the linen industry here. Flax, 
the raw material of linen, could be grown 
locally and transport costs were not a 
major factor in the finished article. The 
shipbuilding industry owed its origin to 
the deep water facilities offered by Belfast 
Lough, the enterprise of individual 
pioneers and the fact that products of the 
industry could be delivered direct from 
the slipway to the customer without any 
superimposed costs of handling and trans- 
port. The engineering industries grew 
largely out of the shipbuilding and textile 
activities, though in the course of time 
these established a market extending far 
beyond the Ulster shores. Hemp for rope 
making and raw tobacco could be im- 
ported directly to the Port of Belfast where 
these industries are located. 


Effects of Over-specialisation 

This concentration on a limited range 
of industrial activities has rendered the 
Northern Ireland economy particularly 
vulnerable in periods when either the 
shipbuilding industry, the textile trade or 
both together were hit by trade depression. 
In the 1930’s, for example, unemployment 
reached a level of 33 per cent. of the in- 
sured population. It has therefore been 
the aim of the Government of Northern 
Ireland from the year 1932 onwards to 
encourage a greater diversification of 
industrial activity, not only to absorb the 
natural increase in population and to 
diminish the hard core of unemployment 
but also to provide an insurance against 
the effects of possible future recessions in 
the pre-existing major industries. In 
other words, in order to cure our indus- 
trial ills, we look to a combination of the 
separate policies of specialisation and diver- 
sification to which Professor Smith refers. 


Difficulties in the way of Diversification 
Several major difficulties have faced the 
Government here in its efforts to introduce 
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Location of Industry in Northern Ireland 


a greater variety of industries. Professor 
Smith has referred to one of them in 
particular, namely, the lack of coal and 
other mineral resources which might 
either provide a cheap source of power or 
lend themselves to exploitation on the 
spot. The absence of such resources 
might not in itself operate to discourage 
the introduction of alternative types of 
heavy industry were it not for the unduly 
onerous handling and shipping costs and 
delays involved in importing from Great 
Britain the coal, steel and other raw 
materials required to feed such industries. 


The Transport Factor 


The transport problem is probably the 
greatest handicap in the path of industrial 
development here. As with the shortage 
of mineral resources, it arises from the 
facts of geography and is, therefore, 
particularly intractable. Part of the solu- 
tion may lie in an extension of the ferry 
and road-rail container services which 
already ply between certain ports in Great 
Britain and Northern Ireland. 


Supply of Skilled Labour 


A lesser difficulty is the relative shortage 
of a sufficient cadre of labour skilled in 
various industrial processes in a com- 
munity which, outside Belfast, is primarily 
agricultural. This problem is not, how- 
ever, insuperable. Labour is capable of 
being trained, Government assistance is 
available for the purpose, local trainees 
have shown themselves extremely respon- 
sive and adaptable and many new firms 
have already paid tribute to the success 
achieved in building up a skilled force 
from raw human material. 


Factory Premises 


There has also been the difficulty of the 
lack of suitable factory premises in a 
Province which has not hitherto been 
extensively industrialised. The spurt of 
industrial development which in Northern 
Ireland as elsewhere followed the end of 
the second world war resulted in the rapid 
conversion to manufacturing purposes of 
almost every suitable vacant building in 
the Province. This particular difficulty 
of premises is, however, one susceptible 
of solution within the limits of capital in- 


vestment dictated by the present inter. 
national situation and the existing shortage 
of structural steel. The Ministry of Com. 
merce possesses power to erect factories 
and to lease them at preferential rents to 
promoters of suitable industrial projects 
which offer a sufficient level of employ. 
ment. Nineteen such factories, ranging 
in size from 18,000 to 195,000 sq. feet 
have been erected and leased since 1945, 
fourteen are in course of construction 
and seven others are planned for erection 
in the near future. Many of those already 


built were designed to meet the needs of | 


specific clients. Others are advance fac. 
tories of standard design not specially 
covenanted for at the date of commence. 
ment. This policy of advance construc- 
tion has been particularly successful, as 
many potential promoters of major in- 
dustrial schemes are naturally unwilling 
to formulate firm proposals unless there 
is a prospect of suitable premises being 
quickly available. 


Suitable Types of Industry 


As to the types of production most 
suitable to Northern Ireland, it has long 
been recognised that industries engaged 
in the processing and preservation of 
agricultural produce should find here their 
natural home. The basic raw materials, 
whether they be milk, fruit, vegetables or 
meat and its various by-products can be 
locally produced whilst a large market lies 
across the Channel. Industries of this 
type are already fairly well represented 
but shortages of tinplate and of certain 
controlled ingredients have restricted their 
further development. It is estimated that 
some 4,000 persons are now employed in 
the processing and canning of local 
produce. The indications are that the 
position regarding supplies of tinplate and 
of some controlled ingredients may be 
somewhat easier in the future so that it 1s 


possible to look forward to a measure of 


expansion in those industries which depend 
on agricultural produce. 

A less advantageous feature of food 
industries is the fact that they call for 
a labour force which is predominantly 
female. A greater choice of employment 
for women and girls is certainly desirable, 
particularly so long as the present recession 
in textiles continues, but it is noteworthy 
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that, prior to that recession, unemploy- 
ment amongst women averaged not more 
than 3} per cent. for Northern Ireland as 
awhole. There is, no doubt, even under 
conditions of relatively full employment, 
a hidden reserve of female Jabour in 
certain of the rural areas which does not 
‘normally register for employment and 
which might usefully be drawn into 
industrial work. The fact remains, how- 
ever, that the main objective must be to 
find jobs for men. Even before the dis- 
location resulting from the Defence Pro- 
gramme and the slackening of world 
demand for consumer goods, unemploy- 
ment amongst men in Northern Ireland 
averaged 6} per cent. for the Province as 
a whole and in certain areas ranged as 
high as 32 per cent. 


Engineering 

If work is to be found for these men, the 
food industries alone will not suffice to fill 
the gap and it becomes necessary to turn 
to forms of manufacture which, whilst 
still operating on imported materials, 
require such materials in relatively in- 
significant quantities and which, in the 
course of processing, are capable of con- 
verting the material into products light in 
weight but high in value. Whilst, there- 
fore, save in the case of highly mechanised 
processes, the labour content of the 
finished article is high, transport costs are 
reduced to a minimum. Such industries 
are to be found in the field of medium and 
light engineering, and it is to attract 
undertakings of this sort that the Ministry 
of Commerce has largely directed its 
efforts in recent years. Typical examples 
of such enterprises which have settled here 
since the war include the British Tabu- 
lating Machine Company, Lee Guinness 
Limited (precision engineers), British 
Brehmer Limited (stapling machines), 
W. H. Stanleigh & Company (numbering 
machines), Lodge Plugs Limited (spark- 
ing plugs) and Birmingham Sound Re- 
producers Limited (automatic record 
changers). All of these require a high 
Proportion of male labour. 


Aucraft 
The manufacture of aircraft is another 


field in which the potentialities of North- 
ern Ireland have been successfully ex- 


Location of Industry in Northern Ireland 


ploited since the firm of Short & Harland 
was introduced shortly before the outbreak 
of the second war. Now employing 
almost 7,000 workers, principally men, 
this firm performed useful service to the 
nation during the war and has steadily 
expanded since the transfer of the parent 
company from Rochester in 1947. Here 
again is an example of a firm using im- 
ported raw materials which are relatively 
light in weight to manufacture an article 
which can be exported under its own 


power. 


Miscellaneous Industries 


There is also a large group of miscel- 
laneous industries which meet the criteria 
of requiring the minimum quantities of 
heavy imports, of producing an article 
of high value in relation to weight and 
of providing a high proportion of male 
labour. Typical of this group is the 
United Kingdom Optical Company, 
Lurgan, Co. Armagh, which produces 
spectacle frames and lenses. 


Diversification in Textiles 


It appears certain that Northern Ire- 
land’s dependence on the textile industry 
will continue to be an important feature 
of its economy notwithstanding the variety 
of other trades which may be introduced. 
The pattern of textile production itself, 
however, has undergone a considerable 
diversification in recent years. Whilst the 
manufacture of linen and linen articles 
and the clothing trade generally will 
doubtless remain the characteristic note 
in textiles, it is interesting to record that 
the Industries Development drive has 
helped to introduce a number of new 
themes, including cotton, rayon, woollen 
and worsted spinning, cotton weaving, 
weaving of carpets and tapestry, produc- 
tion of nylon hosiery, screen printing of 
fabric and manufacture of hats, hoods and 
rainproofs. The establishment by Cour- 
taulds of a unit for the production of 
continuous filament viscose yarn has been 
an outstanding event in local textile 
history. 


Distribution of Industry between City and 
Provinces 


One defect in our industrial structure 
which is not peculiar to Northern Ireland 
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is the uneven distribution of industry as 
between the capital city of Belfast and the 
other parts of the Province, a state of 
affairs which has encouraged the drift 
from countryside to city and created 
grave problems of housing and transport. 
It has been the consistent policy of the 
Ministry of Commerce since 1945 to steer 
industry as far as possible to provincial 
areas. This policy has met with a con- 
siderable degree of success in that, of the 
171 new undertakings or expansions of 
existing undertakings which have come 
into being since the war, no less than 70 
per cent. have been located in provincial 
towns or in areas outside the boundaries 
of Belfast. Moreover, the firms so located 
are also providing 60 per cent. of the total 
employment given by all the undertakings 
which have been launched with Govern- 
ment assistance or co-operation. 


Government Facilities for Industry 

Apart from the erection of Government 
factories leased at concessionary rentals, 
the Industries Development Acts empower 
the Ministry of Commerce to assist pro- 
moters of suitable new undertakings by 
means of grants towards initial capital 
outgoings and, in certain circumstances, 
by the issue of loans. Help may also be 
given for such basic services as housing, 
water supplies and provision of power. 
These facilities have been widely used. 


Achievements and Prospects 


This survey would be incomplete with- 
out some reference to the results achieved 
since the first Industries Development Act 
was enacted in 1932. In all, some 211 
industrial undertakings have been estab- 
lished or expanded under the direct 
sponsorship or with the active co-operation 
of the Government. These undertakings 
are now employing 24,280 workers, in- 
cluding 15,000 men and are scheduled to 
employ a total of 19,260 men and 15,270 


women when at the stage of full develop. 

ment. Apart from firms whose names rl 
have already mentioned, numerous well. 
known groups have set up plants here, 
including Bengers Limited, Bovril Limited, 
Nestle Limited, Lines Bros. (toys and 
prams), Lotus Limited (footwear), Metal 
Box Company, Pye Radio, Horrockses, 
Crewdson & Company Limited (cotton) 
and Geo. Wade and Sons Limited (elec. 
trical ceramics). Other prospective de- 
velopments which have recently been 
announced are the decision of Behr. 
Manning Incorporated (U.S.A.) to estab. 


lish a plant for manufacture of industrial 


abrasives, of Dunlop Cotton Mills to 
undertake production of tyre fabric and of 
English Sewing Cotton to engage in the 
manufacture of sewing thread. Two 
units for production of electric cable and 
other classes of electrical components will 
also shortly be established. 

The process of providing a remedy for 
the under-development and consequent 
under-employment which prevail in this 
area, as in other parts of the British Isles, 
is necessarily a slow one. Only those who 
choose to ignore completely the hard facts 
of geography can lightly assume that a 
complete cure can be found by the simple 
tactics of pressing a button. Even if we 
had succeeded in dissolving the hard core 
of 7,000 wholly unemployed men in 
Belfast and 3,000 in Londonderry, the 
task would still remain of finding work for 
the surplus of young persons leaving 
school each year over the current replace- 
ment needs of agriculture, industry and 
trade. 


Mr. Norman Cuthbert of Queen’s 
University, Belfast, discussed industrial 
location in Northern Ireland vis-a-vis 
the rest of the United Kingdom, in an 
invited contribution, and the three main 
contributions were followed by an open 
discussion. 
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ROAD ACCIDENTS 


Ar the Belfast Meeting of the British Association, Section J (Psychology) held a session 


on Tuesday, September 9, 1952, which dealt with some factors affecting choice and 
judgment. Two of the papers were concerned with the problems of behaviour on the 


roads and are printed below. 


Some Factors INFLUENCING THE 
BEHAVIOUR OF VEHICLE DRIVERS 


by 
Dr. R. J. Smeed 


ORGANISED research on the subject of road 
safety has been going on in this country 
since 1947. The research, which in the 
main is carried out at the Road Research 
Laboratory of the Department of Scientific 
and Industrial Research, has been con- 
cerned with improving the vehicle from 
the point of view of road safety, with 
making the roads safer by improvements 
in surface and design and with improving 
the behaviour of the road user. It is the 
last subject, the behaviour of the road 
user, or, in other words, the human ele- 
ment, and, in particular, the behaviour of 
drivers, with which this paper is concerned. 

One of the ways of reducing the fre- 
quency of road accidents is by improving 
the road behaviour of drivers. At the 
Road Research Laboratory an attempt 
has been made to obtain information on 
some of the factors which influence the 
road behaviour of vehicle drivers, in order 
to find out which of these factors are 
important and which might therefore be 
used in bringing about the necessary 
changes in motorists’ behaviour. This 
paper is concerned with the effect on 
driver behaviour of (i) legal restric- 
tions, (ii) the obvious presence of police, 
(iii) clearer instructions, (iv) propaganda 
and (v) a driver’s attitude to his task. 
Some work on other factors influencing 
driver behaviour has been done by the 
Laboratory. 


Legal Restrictions 

Various legal restrictions are imposed 
on drivers. There are laws which compel 
the motorist to observe traffic lights, 


‘halt’ signs, speed limits in certain areas 
or for certain vehicles, laws which regu- 
late the lighting of vehicles and numerous 
other regulations. It was decided to 
investigate the reactions of drivers to some 
of these restrictions. First, with regard to 
speed limits, measurements were made of 
the speeds of vehicles on sections of road 
on which there were no speed restrictions 
for private cars, but on which speed limits 
were about to be imposed. These 
stretches of road all happened to be on 
the fringes of existing built-up areas. 
After the speed limit regulations came 
into force the speeds were again measured 
and Table I shows an analysis of the 
results. 


TABLE 
Effect of Imposition of Speed Limits on Fringe 
Areas. 
Average Average Change in 
Site speed before speed after speed 
(m.p.h.) (m.p.h.) (m.p.h.) 
1 + 1:1 
29°4 28°5 —0°9 
3 30-0 + 1:3 
4 —1:1 
5 29°7 30°6 + 0:9 
6 26°3 24:9 —1°4 
(10 m.p.h. 
limit) 


The speed limit regulations had no 
marked effect on the average speeds ; in 
three cases there was a slight increase of 
speed and in three cases a slight decrease. 
In the first five cases, on the average about 
half the drivers travelled at speeds greater 
than 30 m.p.h. Although there was no 
appreciable change in the average speeds 
there may have been a slight reduction in 
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Road Accidents 


the proportion of vehicles travelling at were travelling faster than they shoul 
very high speeds. There is also some have been and in many cases very much Ob 
indication that the speed limitations re- faster. Clearly on most roads which haye P 
duced the number of accidents which in- a general speed limit, speeds in excess of |}  __ 
volved personal injury, but further work 30 m.p.h. are not possible during many 
on this is necessary before a final con- hours because of the traffic congestion ang 
clusion can be drawn. There is also these results do not apply to congested 
evidence that the introduction of a speed __ town streets. 
limit in built-up areas in 1935 did have a These results form an interesting com. 
marked effect on accident frequency. parison with those of American invest. | — 
The facts that the speed limits have no gators. A paper by Price (1) of the Bui 
marked effect on speeds, but that they Institution of Transportation in Berkeley, No 


may tend to reduce accident frequency, California states ‘ the data collected indi. re 
are not necessarily incompatible, espe- cated that neither the ‘“‘ Speed Zone Vel 
cially as the speed limit may have affected Ahead” sign nor the numericals painted ' 
the highest speeds. on the pavement had any effect on th | — 


All these cases of the imposition of speed traffic.” A study by the Maryland, Nor 
limits were on the outskirts of towns. The U.S.A., State Road Commission (2) con. No 
only obvious change that was made was_ cluded that drivers did not observe posted F 
to move a speed limit sign along the road. speed limits, even when there was advance 
It does not follow from these results that warning of the speed limit zone. 
speed limits in general have no effect on Thus there are four separate sets of data 
speeds of vehicles, but it does seem to on the effects of speed limits, two from the all 
follow that the mere imposition of a speed U.S.A. and two from this country, all of 


limit without any special steps of enforce- which show that under some circumstances ag 
ment and without attempting to bring a large proportion of motorists break} 
the speed limit to the notice of the motorist speed limit laws. . 
other than by a pair of signs, which he Some work has been done on the re | 44, 
may not see, does not always have a_ actions of drivers to ‘ Halt’ and ‘ Slow’ I 
marked effect on speeds. signs. Junctions of minor and majo | 4 


Again, measurements were made of the _ roads were selected which appeared tobe | g.,, 
speeds of commercial vehicles on some _ similar with respect to layout, traffic etc. 
roads which had a speed limit ; the heavy and counts made of the number of vehicles 
goods vehicles are by law restricted to on the minor road which stopped before | 44. 
20 m.p.h. and the light goods vehicles to entering the major road. On some of the 
30 m.p.h. It was found that almost 60 minor roads there were ‘ Halt’ signs, I 
per cent. of light goods vehicles and more some had the sign ‘ Slow—Major Road 
than 90 per cent. of heavy goods vehicles Ahead’ and some had no sign. Results | iy 


travelled at speeds greater than their legal are given in Table III. mo 

limits. Table II shows the results. It was found that in built-up areas on ‘. 

some minor roads leading to a junction | j, 

TaBLe II with a major road, 69 per cent. of the | 4, 

Speeds of Commercial Vehicles. vehicles stopped when there was a ‘ Halt’ | ¢gy 

sign, 32 per cent. stopped when there was the 

Vehicles with speed limit of :— the sign ‘ Slow—Major Road Ahead’ and on 

Speed only 8 per cent. when there was no sign. the 

20 m.p.b. 30 m.p.h. All the differences are statistically signifc } 44, 

- cant. These figures were for the occasions be 

a 94%, 99 %, when it was not obvious to the driver that - 

20 m.p.h. - there were vehicles on the major road | gy, 

Greater than 38 % 58% ahead. If, however, a vehicle passed | 

G — ~ 2% 5% along the major road during the time = an 
40 m.p.h. - minor road vehicle traversed the last 
fifty yards before reaching the junction, the 


figures increased to 83 per cent., 57 per 
In each case the majority of the vehicles cent. and 42 per cent. respectively. Again 
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Taste III 
Observance by Drivers of ‘ Halt’ and ‘ Slow’ 
Signs. 
Percentages of drivers who 
stopped at junction after 
passing :— 
* Halt’ ‘Slow’ No 
signs signs sign 
Built-up areas 
No vehicle 'on major 
road ahead - 69 SZ 8 
Vehicle on major 
roadahead 57 42 
Non-built-up areas 
No vehicle on major 
road ahead - 36 11 0 
Vehicle on major 
road ahead - 81 47 75 


all the differences are statistically signifi- 
cant, and also each of these proportions 
is significantly greater than the corre- 
sponding figures for the cases when there 
was no evidence of traffic on the major 
road ahead. 

In non-built-up areas, that is on country 
roads, most of the trends are in the same 
direction, but the differences are not all 
significant. Only 36 per cent. actually 
stopped after passing a ‘ Halt’ sign if 
there was no evidence of traffic on the 
major road ahead. 

It appears, therefore, that ‘ Halt’ signs 
are by no means universally respected 
although a considerable proportion of 
motorists do observe them _ properly. 
However, many drivers do realise the 
necessity for stopping, owing to the pres- 
ence of other traffic. Since ‘ Halt’ and 
‘Slow’ signs are normally erected where 
they are considered to be most necessary, 
traffic is in any case more likely to stop at 
the junctions following these signs than 
at other junctions. A study of the relative 
behaviour before and after the signs are 
erected is necessary in order to get a con- 
clusive result, and such a study is planned. 


? Significant ones are the following for N.B.U. 


; Halt > No 

No vehicle ahead Halt > Slow 
o >Slow 

Vehicle ahead S Slow 
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But this investigation does show the pro- 
portion of people who do not obey this 
law. 

Another aspect of the driver’s attitude 
to legal restrictions is given by his reactions 
to traffic lights. These reactions are very 
different in the heart of London from what 
they are on a road with no speed limit on 
the outskirts of London. In the first case, 
of vehicles stationary in the front rank of 
queues at traffic lights about a quarter 
crossed the stop-line on the red-with- 
amber, which is against the Jaw. On the 
road in the outskirts about half did so. 
But in the second case there were few 
pedestrians, there was little cross traffic 
so that the intersection was often empty 
before the end of the red phase; the 
traffic was faster, there was usually good 
visibility of the cross roads and the stop- 
line was well set back from the inter- 
section. Hence as regards this regulation, 
also, drivers appear to vary their degree 
of compliance with the law in accordance 
with the traffic and safety conditions 
prevailing. 

We have thus investigated the motorists’ 
reaction to legal restrictions in three 
cases :— 


(1) With respect to speed limit. 
(2) With respect to ‘ Halt’ signs. 
(3) With respect to traffic lights. 


In all three cases it appears that if 
traffic conditions permit, large propor- 
tions of drivers do not automatically obey 
these restrictions fully, although it is 
possible that in all cases they pay some 
respect to them. Further investigations 
are required to find what proportion of 
motorists are affected and by how much. 


The Obvious Presence of the Police 


My second subject is the effect of police 
activity on driver behaviour. It was 
found, first of all, that the effect of police 
motor patrols on accidents was very well 
marked. Before the last war the Home 
Office started an experimental motor 
patrol scheme. In seven police forces the 
existing police were augmented by spe- 
cially trained police who patrolled the 
roads giving advice and warning to 
motorists, cyclists and pedestrians and set 
an example by their own behaviour. 

The main idea was co-operation and 
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education rather than prosecution. Owing 
to the war the scheme was abandoned. 
The scheme had a marked effect on the 
accident position and Table IV shows the 
results of an analysis. 


TasBie IV. 


Motor Patrol Scheme. 
Changes in Road Casualties, between 1937 and 
1938. 


Forces not 
operating 
motor patrol 
scheme 


Forces oper- 
ating motor 
patrol scheme 


Difference 


Fatalities 
In county areas 6:0% | 10-3% 
decrease | increase 
In town areas 7:0% 1°3% | 8°3% 
decrease | increase 


Other casualties 
In county areas 15-2% 3-0% | 18-2% 
decrease | increase 
In town areas 0-7% 3-1% | 3-8% 
decrease | increase 


The comparisons are between those 
forces operating and those not operating 
the scheme for the years 1937 and 1938. 
The scheme began in most places in 
April, 1938. For the county forces oper- 
ating the scheme there was a decrease of 
6 per cent. in fatalities but in the other 
county forces there was an increase of 
4.3 per cent. Hence this Home Office 
experimental motor patrol scheme was 
associated with a decrease of 10-3 per 
cent. of fatalities in county areas and simi- 
larly a decrease of 8-3 per cent. of fatali- 
ties in town areas. These data refer to 
the whole of 1937 and 1938, monthly 
figures not being available. If we make 
allowance for the fact that the scheme did 
not start in most places until April, 1938, 
it appears likely that it caused a decrease 
of about 12 per cent. in road fatalities. 

As there is such good evidence of the 
effectiveness of police patrols in reducing 
accidents, an attempt has been made 
recently to find changes in drivers’ be- 
haviour which would account for the 
accident reduction. One might suppose 
that a police patrol on a road would make 
everyone take greater care ; for example, 
drivers would go rather more slowly. An 


experiment was therefore carried out on 
a derestricted road to find the effect on 
speed of frequent police patrols. A police 
car and a police motor cycle traversed a 
five-mile stretch of a wide derestricted 
road, a police patrol passing the observation 


point every ten minutes. Traffic flow was | 


quite free, the maximum speed recorded 
being 83 m.p.h. The experiment took 
four days. On the first day no police 
were present, on the second and third 
days police were present in the morning 


and on the fourth day again no police : 


were present. A statistically significant 
reduction in speeds was found between the 
first morning and the second and third 
mornings. The speeds of commercial 
and public service vehicles were chiefly 
affected. The proportion of them travel. 
ling at more than 40 m.p.h. was reduced 
from 21 per cent. on the first morning to 
12 per cent. on the second and third 
mornings. There was of course no speed 
limit for private cars, but even for these 
vehicles, it was found that the presence of 
a police patrol was associated with a re- 
duction from 44 per cent. to 37 per cent. 
in the proportion of vehicles travelling at 
more than 40 m.p.h. 

In another experiment the effect on 
drivers of a uniformed policeman, who 
was inactive, standing on the pavement 
near a pedestrian crossing for periods of 
a quarter of an hour on and off was 
measured. (This experiment took place 
before the recent large-scale introduction 
of zebra crossings with its attendant 
publicity.) It was found that 25 per 
cent. more drivers gave precedence to 
pedestrians when the policeman was 
there, than when he was not there. The 
policeman took no part in the control of 
traffic and yet this result was found. 

Three separate investigations have thus 
shown that the presence of the police has 
a marked effect on the behaviour of 
drivers. 


Clear Instructions 


Some of the apparent lack of co-opera- 
tion by drivers referred to earlier might 
plausibly be ascribed to lack of clear in- 
struction. There is evidence of this from 
our work on pedestrian crossings. An 
investigation was made into the effect of 
striping crossings with zebra markings, 
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when they were in the experimental stage 
in 1948, by comparing the proportion of 
drivers who gave way to pedestrians on 


- these crossings before and after they were 
_ griped, using as controls some plain 
| crossings in the vicinity of the striped 
ones. 


We used a stopping index which was 


defined as the percentage of total drivers 


who gave way to pedestrians wishing to 


cross. In this experiment the number of 
- yehicles passing every fifteen minutes was 
- compared with the number of drivers who 
_ gave way to the pedestrians. In the case 
- ofaline of vehicles only the front one was 
counted as giving way. The majority of 


vehicles had either no need to stop, for 
there were no pedestrians trying to cross 
the road, or they were not in the front line 
of those held up, so the stopping index is 
necessarily small. It was found that the 
proportion of drivers who stopped went 
up after the crossings were striped, al- 
though at a control crossing near by with 
no striping, there was no change. When 
drivers could clearly see the crossings 
(that is, when the crossings were striped) 
they were much more likely to give pre- 


_ cedence to pedestrians than when they 


approached the plain crossings which 
were not so visible. 

Similarly, the lighting of crossings at 
night, either by floodlights or by lighted 
beacons, was followed by a marked im- 
provement in driver behaviour as regards 
giving precedence to pedestrians. This 
experiment has been repeated a large 
number of times with the same result, 
and there is overwhelming evidence that 
making pedestrian crossings more visible 
causes a marked improvement in motor- 
ists’ behaviour at them. 


Propaganda 
We know very little yet about the effect 


of propaganda on motorists’ behaviour. 


The only evidence we have so far is that 
their behaviour (as measured by giving 
precedence to pedestrians at crossings), 
Improved after the nation-wide Pedestrian 
Crossing Week in April, 1949. But the 
improvement was only temporary, ap- 
parently lasting but a few months, It is 

likely that the improvement was 
partly due to extra police activity. An 
xperiment designed to give reliable 
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measure of the effect of propaganda will 
be difficult and expensive but we hope to 
carry it out in due course. 


A Driver’s Attitude to his Task 


Evidence is available showing that a 
driver’s behaviour is sometimes deter- 
mined more by what he thinks is happen- 
ing than by what is actually happening. 
For example, at night when a driver with 
dipped headlamps meets a vehicle with 
headlamps not dipped, he frequently 
switches his own headlights on full to 
show that he is being dazzled. Originally 
the effect of dipping was to put out the 
offside lamp. But on most new cars the 
offside lamp is not put out—its aim is 
deflected towards the kerb and the intensi- 
ties of both lamps are decreased. It has 
been found, however, that the glare from 
a single lamp is tolerated to a much 
greater extent than the same amount of 
glare from a pair oflamps. A single lamp 
whose glare intensity at 250 feet was 
2} times that of a correctly aimed double 
dipping system provoked the same reaction 
as the double dippers. Hence prejudice 
or imagination seems to play some part 
in the dazzle problem. 

Similarly the speeds of vehicles on wet 
roads have been found to be slower than 
those on the same roads when dry if the 
road looks slippery when it is wet, but not 
so if it does not look slippery ; in that case 
the average wet road speed was about the 
same as the dry road speed, even if the 
road was actually slippery. 

I have in this paper so far dealt entirely 
with factors operating on drivers in the 
mass. But individual factors are of ex- 
treme importance and this is well illus- 
trated by measurements of the speeds of 
vehicles. It was found that about 10 per 
cent. of 8 h.p. cars travel faster than the 
average high h.p. sportscar. This appears 
to show up the importance of the indi- 
vidual factors. 


Conclusions 

To sum up—there is evidence that 
some legal restrictions are not observed 
at all well by drivers. Drivers appear to 
vary their degree of compliance with the 
law in accordance with the safety and 
traffic conditions prevailing. The obvious 
presence of the police, however, has a 
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marked effect on the behaviour of drivers 
and on the accident position. A driver 
observes pedestrian crossings better when 
the crossings are made more visible by 
striping and lighting them, thereby show- 
ing that he behaves more courteously 
when it is made easier for him to do so. 
His behaviour, too, is determined more 
by what he believes is happening than by 
what is actually happening. 

Clearly there is a vast amount of work 
to be done on other factors which may be 
of great importance in affecting the road 
behaviour of drivers. The physical en- 
vironment of the driver, including the 
design of the vehicle, many physiological 
factors of the individual driver, such as 
his vision and physical deformities, num- 
erous aspects of the attitude of the driver, 
all these subjects have not yet been ade- 
quately investigated and may be of great 
importance in reducing accidents on the 
road. 
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PEDESTRIAN CHOICE AND JUDGMENT 
by 
R. L. Moore 


In 1951 some 2,400 pedestrians were 
killed and 57,000 injured on the roads of 
England, Wales and Scotland. There is 
therefore good reason for enquiring into 
the factors which influence the behaviour 
of pedestrians and this paper is a sum- 
mary of some of the work carried out by 
the Road Research Laboratory on this 
subject. 

The chance of a person becoming a 
pedestrian casualty varies with age and 
sex. This is shown by Table I which 
gives the number of people per 10,000 
who are killed and injured per year. 

It will be seen that children and old 
people are the most liable to injury, 
nearly 80 per cent. of those killed being 
in those categories. The liability for men 
is greater than that for women; the safest 


TABLE I 


Pedestrian Casualty Rates per 10,000 Person; 
per Year (England, Wales and Scotland 1949), 


Pedestrian casualties per 10,09) 


Age group 


Male Female 


Under 10 years 
10-20 years 
20-30 years 
30-40 years 
40-50 years 
50-60 years 
60-70 years 
70 and over 


ta 


pedestrians are women between 20 and 
40 years. 

The problem of the reduction of these 
accidents is being tackled by the Labora. 
tory from the point of view of the road, 
the vehicle and the behaviour of the 
driver and pedestrian but I am here con- 
cerned only with work on the pedestrian, 
Most pedestrian accidents take place when 
people are attempting to cross the road in 
clear daylight, in built-up areas. We 
think it likely that a study of the behaviour 
and habits of people as they cross and re- 
cross our streets will lead to a fuller under- 
standing of the factors which lead to these 
accidents. This paper deals first of all 
with the fundamental problem of how a 
pedestrian makes his decision as to 
whether it is safe to cross the road. Then 
follows a summary of what is known of 
the variation in risk of crossing the road 
at various points and the means whereby 
pedestrians may be diverted to the less 
dangerous places. The paper concludes 
with a discussion of the factors which 
determine how much use pedestrians will 
make of a bridge or a subway. 


When Pedestrians Cross the Road 


A person standing at the side of a busy 
road which he wishes to cross has to look 
at traffic in both directions and make his 
own estimate of when it is safe to cross. 
His estimate is normally a correct one, 
but in about one case in a million or so 
he makes a disastrous mistake. What are 
the factors which influence his decision of 
when it is safe to cross ? 

In order to answer this question a study 


400 


was 
pedest 
crossil 
chose! 
cross” 
a pla 
distar 
and t 
mark 


| 
| | 
‘ | 

— 

The < 
| his su 
| | ment 
corde 
| 2 
Ce 
| obset 
waiti 
‘ mov! 

givel 
speet 

mak 
| appr 
cent 
vehi 
m.p 
20-7 
trial 
| that 
| witl 
| in t 
kno 
tim 
esti 
tuit 
a of t 
| I 
| 
ans 
| tak 
hal 
isle 
of 
see 
| 
| th 
tir 
sul 
| dis 
If 
1s 
th 
| 


was made of the movement of vehicles and 

estrians at a pedestrian crossing. A 
crossing which had a central refuge was 
chosen because the pedestrian’s choice, to 
cross or not to cross, is simplified at such 
a place. The roadway was marked some 
distance from the crossing at several places 
and the passage of each vehicle over each 
mark was recorded on a moving chart. 
The arrival of a pedestrian at the kerb and 
his subsequent pause and eventual move- 
ment across the road were similarly re- 
corded. A team of observers worked on 
this at a crossing in Wood Green. 

Certain curves were deduced from these 
observations. The probability that a 
waiting pedestrian will cross in front of a 
moving vehicle a given distance away was 
given for vehicles approaching at different 
speeds. It was found that the pedestrian 
makes an allowance for the speed of the 
approaching vehicle ; for example 75 per 
cent. of people will cross in front of a 
vehicle 60 feet away moving at 5-10 
m.p.h. but if the vehicle is travelling at 
20-25 m.p.h. only 25 per cent. of pedes- 
trians will risk crossing. ‘This suggests 
that pedestrians are concerned primarily 
with a time-gap and not a distance gap 
in the traffic. It would be interesting to 
know how the pedestrian estimates the 
time-gap in traffic. He may do this by 
estimating the speed of the vehicle and its 
distance away or more likely he has in- 
tuitive appreciation of the time of arrival 
of the vehicle. 

It may be asked, what happens to the 
people who take the greater risks ? One 
answer was given by plotting the time 
taken by the pedestrian to move across 
half the carriageway from the kerb to 
island against the expected time of arrival 
of the next approaching vehicle. It was 
seen that when the vehicle was less than 
seven seconds away the pedestrian, real- 
ising his danger, increased his speed across 
the road. 

The pedestrian’s choice of a suitable 
time interval in which to cross the road 


1 In obtaining the curves referred to it was as- 
sumed that each pedestrian has his own critical 
distance gap for vehicles of a particular speed range. 

_4n approaching vehicle is nearer than this 
critical distance the pedestrian will not cross, if it 
is further away he will cross. It was also assumed 
that those critical distances follow the normal 
(Gaussian) law of errors over the population. 
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rather than a distance gap is an economy 
of his time. At the crossing studied for 
example it has been estimated that if all 
pedestrians waited for a gap in the traffic 
of at least 100 feet before crossing the road 
the average loss of time by waiting at the 
kerb or refuge would be nine seconds per 
pedestrian ; the actual pedestrian delay 
is only three seconds. Moreover this 
threefold increase in delay would not 
necessarily make for greater safety because 
it is known that there are numbers of 
vehicles on the roads to-day, with poor 
brakes, travelling at speeds such that they 
cannot stop in 100 feet. There is there- 
fore some indication that economy of time 
or effort plays an important part in 
determining pedestrian behaviour. 


Where Pedestrians Cross the Road 

A count was made, in 1948, of the 
pedestrian flow across fifteen miles of busy 
streets in West London. The results of 
this survey are shown in Table II. 


II 


Pedestrian Flow Across Fifteen Miles of London 
Streets (1949—Before Zebra Marking). 


Number crossing 
Rela- 
Crossing place tive 
er hour of foot} risk * 
Per hour |" run of road 
x 1000 


Uncontrolled pedes- 
trian crossing -— 13 14 0:9 
Uncontrolled pedes- 
trian crossing with 


arefuge - 13 25 0:7 
Light controlled pe- 
destrian crossing 3 12 0-5 


Light controlled pe- 
destrian crossing 
with a refuge 7 26 

Elsewhere - 59 


on 


The pedestrian density expressed as 
people crossing the road per hour per foot 


run of road is given for various types of 


pedestrian crossing. It will be seen that 
crossings with refuges with or without 
lights have the greatest density of pedes- 


trian flow. By relating the number of 


2 Risk, i.e. :— 
Daytime accidents | Daytime accidents elsewhere 


Pedestrian flow Pedestrian flow elsewhere 
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accidents occurring at each crossing place 
with the pedestrian flow it is possible to 
obtain an estimate of the relative risk of 
crossing the road at each type of crossing 
place. Suppose the risk of crossing the 
road not at a special road feature equals 1 
(the actual risk is about 1 in 10®) it is seen 
that uncontrolled and light controlled 
crossings are safer places to cross than 
elsewhere. The difference for the un- 
controlled crossing without a refuge is so 
slight it may be due to chance ; the re- 
duction of risk at other crossings is stat- 
istically significant. I should mention 
that the investigation on the relative risk 
of crossing the road at an uncontrolled 
pedestrian crossing and elsewhere was 
done before the introduction of zebra 
markings. 

If pedestrian crossings as a whole are 
safe places to cross the road it is necessary 
to find ways of attracting pedestrians to 
crossings. Most people will now be 
familiar with one way of doing this by 
marking the crossing with a zebra pattern. 
This pattern was chosen as the result of 
experiments carried out on a model road. 
The aim of the work was to find ways of 
making the crossing more conspicuous to 
the driver ; the longitudinal broad white 
stripes were found to be better for this 
purpose than transverse, diagonal or 
chequer board markings. The greatly 
improved visibility of the crossing to the 
pedestrian was a welcome result but not 
the main purpose of the marking. 

Experiments to find the effect of such 
markings on pedestrian behaviour were 
carried out in 1948-9 ; there was then no 
special publicity and any changes can be 
attributed to the marking only. The 
first studies were made in daylight at six 
selected crossings. Counts were made 
of the number of pedestrians crossing the 
centre longitudinal line of the roadway 
within twenty yards of the crossing and 
also those crossing between the lines of 
studs marking the crossing. These observa- 
tions were made before and after the 
striping at the same time and on the same 
days of the week to eliminate as far as 
possible variations in the total number of 
pedestrians and in the amount and type 
of vehicular traffic. The observers were 
stationed either in a vehicle near the 
crossing or in a room overlooking the site. 


Table III shows the values obtained fo; 
the percentage of people within twenty 
yards of the crossing who used the crossing 


III 


The Effect of Zebra Marking Without 
Propaganda (Six Crossings, London Area 1948) 


Percentage using crossing in prescribed 
manner 
pedestrian 
Before marking After marking 
Men - - 45 53 
Women - 63 69 
Children - 69 81 


The proportion of pedestrians using the 
crossing was greater after striping and 
women made more use of crossings than 
men, and children more than women. 

In 1949 an experiment was carried out 
to find the effect on road user behaviour 
of zebra marking plus propaganda. The 
propaganda was in the form of a nation- 
wide pedestrian crossing week. The man 
in the street was confronted with large 
posters on hoardings, small posters in 
windows and on public transport vehicles. 
Banners were hung across streets, 
slogans painted on the pavement and 
white footprints guided him towards 
crossings. He might also hear police 
loud-speakers at cross roads instructing 
the public in the correct procedure. Some 
places held exhibitions, lectures and com- 
petitions and much attention was given 
to school children for whom special ex- 
hibitions on road safety were devised. 
Road user behaviour was observed at 
fifty crossings at various towns in England 
and Wales before and after this propa- 
ganda week. Half of these crossings were 
zebra marked just before the propaganda 
week. It later became evident that 
propaganda has a transient effect, but 
when reinforced by zebra marking the 
effect was greater and more permanent. 

In 1951 zebra marking was made uni- 
versal at all uncontrolled crossings and 
there were slight changes in the regula- 
tions governing the priority of pedestrians. 
These changes were heralded by the press 
as giving a new charter to pedestrians. 
The zebra marking was boosted for many 
weeks ; it became the stock-in-trade of 
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the cartoonist and a music hall gag. 
There was an immediate increase in the 
proportion of pedestrians using the cross- 
ings; the effect being visible even to the 
casual observer. 

Pedestrians frequently have to go out 
of their way to use pedestrian crossings. 
They walk to the crossing, cross the road 
and then proceed on one of two ways, 
either they walk along the opposite pave- 
ment in the same direction along the road 
—thus making a Z movement, or in the 
opposite direction, thus making a U 
movement. The Z movement is much 
more popular ; only a quarter of those 
crossing the road make U movements. 
It was found that pedestrians are much 
more likely to use a crossing when it 
can be done with little inconvenience. 

The proportion of pedestrians using 
uncontrolled crossings varies as might be 
expected with the flow of traffic. The 
total flow of pedestrians on and off cross- 
ings across a shopping street was obtained 
by observation and it was seen that there 
was a close correlation between traffic flow 
and pedestrian crossing usage suggesting 
once again that the pedestrian economises 
in time or effort whenever possible. 

Many would agree that the presence of 
a policeman affects driver behaviour but 
we have some evidence that a policeman 
affects pedestrians also. An experiment 
was carried out in the following manner. 
Observations were made (in the manner 
previously described) of pedestrians’ be- 
haviour at an uncontrolled pedestrian 
crossing. At intervals during the course 
of the experiment it was arranged that a 
policeman should stand on the pavement 
a few yards from the beacon and do 
nothing except watch the crossing. It 
was found that with the policeman present 
the proportion of men using the crossing 
increased significantly. However, there 
was no such change in the behaviour of 
women. A similar difference between 
the sexes was found during the course of 
observations at other crossings when a 
policeman held up traffic from time to 
time to allow pedestrians to pass. Before 
hasty generalisations are made from these 
results it should be stated that a higher 
Proportion of women used the crossing 
without a policeman than men did with. 
These results need confirmation and it 
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would be interesting to know if the effect 
of a policewoman was different from that 
of a policeman. 


Subways and Bridges 


One safe way to cross the road is by 
a pedestrian subway or a bridge. But 
these are expensive items: a cheap 
bridge for example may cost £2,000 and 
a subway as much as £20,000. It is im- 
portant, therefore, to find under what 
conditions pedestrians will make use of 
these facilities, 

We have up to the present made ob- 
servations of the pedestrian usage of three 
subways and three bridges. For example, 
we watched a junction on the main 
London-Bath road at a place where large 
numbers of factory workers have to cross 
the road, morning and evening, during 
peak traffic hours. It was found that the 
chief effect of the subway was to divert 
underground those people whose original 
path followed the line of the subway ; 
that is pedestrians whose journey time 
was not increased much by using the 
subway. 

It is important for a highway authority 
to be able to predict how much use will 
be made of a proposed subway or bridge 
and we have collected some data on this. 
Pedestrians cross the road between two 
points A and B; they will be delayed by 
the traffic by an amount which can be 
measured. Ifa subway or bridge is built 
at C what proportion of pedestrians will 
use it? Let us assume that pedestrians 
choose the path requiring least time. Let 
the ratio of the time required to use the 
subway or bridge to the total time to cross 
the road be R. It is reasonable to sup- 
pose that if R is very large—if for example 
the subway is half a mile away—no 
pedestrians will use it; if on the other 
hand R is less than unity, that is the sub- 
way or bridge is the quickest route, then 
nearly all pedestrians will use it. We wish 
to find however what percentage of 
pedestrians will use the safe path for 
conditions intermediate between these 
two extremes. A very tentative result 
was obtained by lumping together values 
obtained at subways and bridges of differ- 
ent construction and at very different 
sites. It was seen that roughly 80 per 
cent. of people will use the safe path if it 
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takes the same time as the path across the 
road. It would appear that in general 
to obtain a high subway usage, some 
device to increase the inconvenience of 
the path of pedestrians at road level will 
have to be arranged. If by the use of 
guard rails for instance the path across 
the road takes one third as long again as 
the safe alternative then all pedestrians 
may be expected to use the safe path. 

In conclusion, therefore, we are attempt- 
ing to find the conditions where the risk 
of road accidents is greatest to pedestrians, 
and by studying the factors which influence 


choice and judgment we hope (withoy 
his necessarily being aware of it) to hel 
the pedestrian to form safer patterns ¢j 
behaviour. 
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PROBLEMS OF OLD AGE 


Ar the Association’s Annual Meeting in Belfast, Section J (Psychology) held a session, 
during the morning of Monday, September 8, 1952, which was devoted to some medical, 
social and psychological problems of ageing and supplemented a symposium on the 
same subject at the Brighton Meeting in 1948 (Advancement of Science, No. 21, pp. 15-22). 
The first paper, by Dr. G. F. Adams of the City Hospital, Belfast, reviews problems 
arising from an increasing proportion of old people in the population, with special 
reference to a survey of old people in Northern Ireland. Mrs. A. V. Hill discusses, on 
the basis of twelve years’ experience in old people’s homes, emotional changes in advanced 
old age. Finally a paper by Mr. A. T. Welford, of Cambridge University, outlines 


some of the changes of performance in the physical and mental skills of the aged. 

The papers are printed below in the order in which they were delivered. ‘Two other 
invited contributions to this session were also given. Miss S. R. Burstein dealt with 
adjustment and preparation for old age and Dr. J. A. Oliver read a paper entitled 


‘Thinking about Old Age.’ 


AGE IN THE MopDERN WoRLD 
by 
Dr. G. F. Adams 


Tus is the second meeting of the British 
Association within four years to include 
as a part of the proceedings, a discussion 
of the medica] and social problems of old 
age. It is evidence of the general interest 
in these problems, and of their practical 
importance, that they should merit the 
attention of this Association, but their 
significance for a society devoted to the 
advancement of science may not be so 
readily apparent. When, therefore, I was 
invited to contribute something to this 
symposium on the medical care of the 
elderly, it seemed appropriate to consider 
how old age in these days has been in- 
fluenced by scientific discovery, why old 
age should present problems of any 
greater importance to us than to our 
forefathers, and what may be done to 
solve them. 

As fast as science solves one set of prob- 
lems, it creates new ones demanding 
further research. This at least is true of 
the problems under discussion this morn- 
ing. They arose from the transformation 
of life in this country effected in the latter 
half of the eighteenth century by a wealth 
of scientific discovery, and from the trans- 
formation of medicine by the application 
of the scientific method during the nine- 


teenth century. The evolution of modern 
medicine from empiricism to a science 
had to await the construction of a founda- 
tion in knowledge of normal body func- 
tion, possible only through experiment 
andinference. Thus physiology, bacterio- 
logy, immunology and, later, radiology 
developed, but further delay was inevit- 
able before practical] application in the 
treatment of disease became possible. 
This began with accidental or incidental 
discovery of useful applications of re- 
searches thought at first to be of academic 
interest alone. Only in recent years have 
we begun to derive full benefit from the 
scientific approach to disease and, rather 
belatedly, medicine is catching up with a 
legacy of ill-health either created or else 
greatly intensified by the Industrial Revo- 
lution. Progress was made along two 
interwoven but distinct branches of medi- 
cine—clinical medicine concerned with 
the study of health and disease in the 
individual, and social medicine concerned 
with health and disease in the community. 
Both were initiated in the first half of the 
last century and have developed by the 
application of controlled experiment and 
clinical research, social medicine making 
particular use of scientific enquiry by 
statistical analysis. 

Evolving from the social surveys of 
Chadwick and his ‘ Sanitary Idea,’ pro- 
gress in public health administration, 
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development of social services, education 
and improved living conditions have 
controlled many causes of disease by 
gradual suppression of ignorance, super- 
stition, squalor, malnutrition and neglect 
of elementary sanitation. This, com- 
bined with advances in clinical medicine, 
has caused a steady decline in infant 
mortality and vast improvements in the 
health of the community in childhood and 
young adult life. These are reflected in 
population trends by an increase in the 
number of old people both absolute and 
relative to the total population. 
This, then, is the first of our problems 
—the average life span has increased by 
about twenty years since 1900, resulting 
in an increased proportion of elderly 
dependents to be supported by a diminish- 
ing proportion of wage earners. The 
significance of this is stressed by the esti- 
mate that pensions, in 1960, will cost the 
country £750,000,000 and an increase of 
ls. a week on the standard pension rate 
would cost a further £18,000,000 a year. 
Another closely related problem is the 
high incidence of ill-health and chronic 
invalidism which accompanies senescence. 
The diseases overcome by medical pro- 
gress are mainly those due to deficiency 
or to acute infection. Those due to 
heredity, to the aftermath of certain acute 
infections or to the degenerative changes 
inseparable in some degree from ageing 
are relatively untouched. Thus increas- 
ing numbers of young people, responding 
to treatment of ‘ curable’ disease survive 
to fall victims of the chronic diseases of 
old age which cannot be cured, but may 
be ameliorated to permit further ‘ medi- 
cated survival,’ as Ffrangcon Roberts has 
expressed it. Dr. Roberts, a Cambridge 
radiologist and a philosopher of medicine 
has recently written a study of the finan- 
cial limitations and medical commitments 
of the National Health Service. He 
produces a convincing series of arguments 
and statistics to show that, far from 
diminishing the incidence of disease by 
prevention and cure as was the hope ex- 
pressed in the Beveridge Report, the un- 
paralleled progress made in the last fifty 
years in the conquest of disease has been 
accompanied by a greater demand for 
treatment and greater inadequacy of 
supply than ever before. Supply creates 


demand ; new methods of investigatio, 
rapidly become indispensable, and oni: 
sion may lead to litigation for negligence: 
X-ray and laboratory investigations, lik 
outpatient attendances and waiting list, 
have grown year by year at an eve 
increasing pace along with a growi 
.demand for hospital beds. The Health 
Service already costs more than twice the 
Beveridge estimate and the Treasury has 
now set a ceiling of £400,000,000. 

Dr. Roberts suggests that the country 
can have only such medical treatment as 
it can afford and that unless the State 
is prepared to underwrite an unlimited 
liability, sacrifices will have to be made, 
He believes that some limit must be set 
to the present unlimited claims on the 
National Health Service and that, in 
expending our medical assets, priority 
must be given to the treatment of those 
diseases in which a short-term response 
may be expected, restoring the patient 
to productive efficiency and independence, 
rather than to those diseases in which 
treatment prolongs life with no hope of 
cure—for the most part diseases of old 
age. Dr. Roberts admits that this is a 
hard saying, with the consoling reflection 
that we live in a hard world. 

The difficulties of meeting the needs of 
old people are increased by the fact that 
the system of institutional care provided 
under the Poor Law for those who could 
not afford to pay for special services during 
sickness, or infirmity in old age, fell far 
short of modern standards which are 
correspondingly more expensive to pro- 
vide. Outdated buildings which could 
have been renovated or reconstructed 
relatively cheaply fifteen or twenty years 
ago, continue to decay through lack of 
funds to put them to rights ; maintenance 
costs are higher ; hospitals and homes in 
many areas are short of nursing and 
domestic staff ; relative poverty even now 
swells the ranks of what were once the 
destitute admissions to the Workhouse 
Infirmary by many highly respectable old 
persons whose sense of hardship in the 
chronic wards is the greater through being 
deprived of accustomed privacy, home 
comforts and even self-respect. 

Here, then, are some of the problems of 
ageing and the reasons for their signifi- 
cance to the present generation. But this 
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review would be incomplete without refer- 
ence to another factor which has added to 
our present difficulties. This is, as Dr. 
Warren has said, ‘ that the medical pro- 
fession has been so long in awakening to 
its responsibilities towards the chronic sick 
and the aged, and that the country at 
large should have been content to do so 
little for this section of the community.’ 
It has taken a major revolution in our 
way of life to awaken the profession from 
complacent acceptance of Dickensian 
institutional conditions to a sense of 
responsibility for the elderly sick. The 
progress in medicine reviewed earlier has 
by-passed old age. Research has given no 
standards of normality for the older people 
to compare with the detailed knowledge 
of childhood. In clinical medicine too 
many elderly patients, denied the time 
and the remedial measures necessary to 
restore activity and independence, have 
been labelled ‘ chronics ’ and condemned 
to permanent bedfast invalidism. Newly 
qualified doctors have embarked on their 
careers steeped in knowledge of the dis- 


-eases of childhood and maturity but al- 


most ignorant of the social medicine of old 
age—a major part of the average practi- 
tioner’s work. Social medicine, belatedly 
receiving proper recognition in relation to 
hospitals and medical schools, has before 
it a wide field of research into health and 
sickness in old age and their correlation 
with social or environmental influences. 


Recent Advances in the Medical Care of the 
Elderly 


The first practical advances in an en- 
lightened approach to the medical care of 
the elderly are attributable to Dr. Marjory 
Warren whose pioneer work in the West 
Middlesex Hospital has inspired the estab- 
lishment of similar hospital units through- 
out the country. Geriatrics, or the 
medical care of the elderly, does not claim 
to cure all the afflictions of old age, or fail 
to recognise the irremediable illnesses of 
senescence. It has, however, had con- 
siderable success in the rehabilitation of 
many hitherto neglected invalids, restored 
to a life of activity and independence, 
however limited, by the application of 
simple commonsense treatment and en- 
couragement. Time and patience, so 
essential to recovery from illness in old 
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age, may not be available in a busy 
general hospital ward to the degree ac- 
cepted in a geriatric unit. The unit 
should be a special department of a 
general hospital providing facilities for 
investigation, treatment, rehabilitation 
and resettlement of elderly patients ad- 
mitted directly to the wards. It should 
also provide for consultation with other 
departments, review clinics, teaching of 
nurses and students and research in the 
diseases of old age. The unit must have 
specially planned ancillary annexes for 
permanent invalids with incurable ill- 
nesses, who are homeless or unfit to be 
nursed at home. These invalids are 
transferred to the annexes only after full 
investigation and the failure of prolonged 
attempts at rehabilitation in the geriatric 
unit. In this way the indiscriminate 
jumble of patients found in the old chronic 
wards can be avoided, and vacancies 
created in the geriatric unit for new ad- 
missions. It has been found that about 
20 per cent. of the admissions to the unit 
each year will require accommodation such 
as this, but the atmosphere in these wards 
of suitably segregated patients properly 
nursed, is very different to the apathy and 
distress prevailing in the old chronic 
wards. 

Evidence of the success of this approach 
to illness in old age is shown in two 
ways from results in our own department 
at Belfast City Hospital. First, of 310 
‘ chronic sick ’ patients in our wards when 
work first began in 1948, 69 (22 per cent.) 
were discharged home or to residential 
homes at the end of the first year, and four 
of these patients had been in the wards for 
over twenty years. Secondly, although 
the number of beds has been reduced to 
provide proper spacing in overcrowded 
wards, the turnover has been increased from 
some 400 discharges each year to almost 
800, of whom 50 per cent. are discharged 
home or to resident homes. ‘Treatment 
in a geriatric department gives, perhaps, 
its greatest benefits to elderly patients 
who have had a stroke or a fractured 
leg needing prolonged physiotherapy and 
encouragement. ‘The foremost aim of the 
geriatric physician must be the prevention 
of unnecessary invalidism and the reten- 
tion of the maximum degree of independ- 
ence and interest in living rather than 
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existing as a constant burden on the 
community. The help of an almoner is 
of paramount importance in geriatric 
work, for physical rehabilitation in hospital 
serves no useful purpose to an old person 
unless domestic and economic worries are 
dealt with and the patient is resettled 
contentedly after discharge. 

Geriatric medicine is social medicine at 
its best, and social medicine, since the war, 
has begun to make its contribution to- 
wards the betterment of old age in a 
number of statistical surveys. The survey 
undertaken for the Nuffield Foundation 
by a committee under the chairmanship 
of Mr. B. Seebohm Rowntree, and a 
medical survey of a group of old people 
in Wolverhampton made by Dr. J. H. 
Sheldon were the forerunners of numerous 
socio-medical reports of specialist enquiry 
into the problems of old age. Here in 
Northern Ireland we have recently pub- 
lished the results of such a survey of old 
people in their homes and in hospitals 
giving statistical data valuable not only 
for estimates of future needs, but for 
comparison with similar data from else- 
where in Great Britain. We have esti- 
mated that we have some 180,000 persons 
aged 60 or over in the population of the 
province—about 13 per cent.—and that, 
as in England, more than 95 per cent. of 
them live in their own homes. There 
were 3,368 patients aged 60 and over in 
general and mental hospitals at the time 
of the survey. Of the 1,625 elderly 
patients in general hospitals (9-1 in every 
1,000 elderly persons), it was estimated 
that almost half of them would be fit, 
eventually, for discharge home or to 
residential homes. More than one- 
quarter of them would remain as perma- 
nent bedfast invalids requiring nursing 
care and rather less than a quarter would 
be homeless frail semi-invalids requiring 
domestic care and simple nursing atten- 
tion. Although the social survey of a 
random sample of old people in their 
homes did not reveal a demand for insti- 
tutional care that is not being met, it did 
show in poor homes, overcrowding and 
difficult social circumstances, evidence of 
a widespread need for better care in the 
home or in alternative accommodation 
for many old people whose future was 
precarious owing to combined ill health 
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and poor home conditions. It was est. 
mated that some 12,000 old people ar 
incapacitated by age or illness to such an 
extent that they are dependent on rela. 
tions or friends for their daily needs, 
About half of them had such a precarioy; 
hold on their present existence (because 


they lived alone, with an over-burdened | 


relation or depended on men rather than 
women for their daily needs, or lived in 
overcrowded or otherwise undesirable 
homes), that a demand for institutional 
care in hospital or elsewhere might be 
made at any time. One can only touch 
very briefly on the work of the geriatric 
department but I hope enough has been 
said to indicate how clinical and social 
medicine are being applied in an attempt 
to assess the problems and demands of old 
age and devise a realistic approach to 
them through two major advances— 
appreciation of the significance of the 
social background in old age and of how 
much can be done through an active 
approach to the management of these 
patients. 

In conclusion one must refer again to 
the Malthusian prognostications of Dr. 
Roberts. Most of the estimates of the 
demands of chronic sickness on the com- 
munity have been made from the popula- 
tions of institutions throughout the 
country who had not had the benefit of 
the methods of rehabilitation applied in 
a geriatric unit. We do not know yet 
how the cost of attempted rehabilitation 
will compare with the old policy of 
neglect, but neglect must surely be most 
uneconomic, for even a semi-invalid able 
to dress himself, feed himself and attend 
to his personal needs, is less of a burden— 
financially or otherwise, to himself and 
the community than a helpless bedfast 
cripple dependent on others for every- 
thing. What alternative is there, on 
economic quite apart from humanitarian 
grounds, to continuing and advancing 
this work, to an active approach rather 
than passive acceptance of a problem 
which increases year by year? For 
chronic invalidism, if ignored, does not 
solve itself by death, but simply becomes 
a heavier burden for the community to 
bear. We must reduce it to its lowest 
terms and make sacrifices in other direc- 
tions, if necessary. This quotation, made 
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by Professor Cc. E. A. Winslow of Yale 
University at the Fifth World Health 
Assembly, was appended to a recent com- 
mentary on Dr. Roberts’ book : ‘ Certain 

pulation experts tell us that there are 
already too many people in the world ; 
and that such successful programmes as 
that carried out in Ceylon (which has led 
to an increase of two million in the popu- 
lation), will increase and not decrease the 
sum of human misery. 

‘This argument appears to me to be 
fallacious because it is founded on the 
assumption of some basic law which limits 
the possibilities of economic development 
to those which have been at the moment 
realised. This assumption appears to be 
unjustified.’ 

Is it equally unjustifiable to base our 
estimates of the future needs of old age 
on limits set by an outdated system of social 
and medical care. 


EMOTIONAL CHANGES IN ADVANCED OLD 
AGE 


by 
Mrs. A. V. Hill 


I reEL very diffident about addressing this 
meeting. I am not a doctor, nor a 
psychologist. My excuse is that I have 
been a practical worker among old people 
in one way or another for the last 
twenty years. Most of those I have known 
well, really have been old people: not 
those in the 60’s or 70’s, whom I consider 
as early aged, but the 80’s to 100’s. Their 
physical condition is now receiving con- 
siderable attention but their difficulties 
are largely emotional and, as far as I 
can ascertain, little study has been made 
of this aspect and there is practically 
no literature to help those caring for 
them. 

_ In dealing with very old people it is 
important to understand the emotional 
changes which affect their outlook and 
behaviour. These changes follow the 
pattern of physical alterations in many 
respects. They do this in so far as they 
are in the nature of reductions, though 
some characteristics become accentuated. 
For instance, intelligence and affection 
suffer diminution, as do all forms of ambi- 
tion, but the desire for personal possessions 
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and attention, and the concentration on 
self, increase. 

Memory and powers of concentration 
grow less, but it is difficult to say at what 
point the natural process of growing old 
sometimes changes from senescence to a 
pathological senility, primarily of mind 
but also of body. The exceptions to the 
usual emotional changes are sometimes 
very marked in degree and we all know 
examples of grand and inspiring old age. 
The changes can, on the other hand, take 
place before a great old age in terms of 
years has occurred. In fact it can be held 
that old age is more a matter of physical 
and mental deterioration than of the 
number of years lived. 

The behaviour of very old people can 
often be explained in terms of fear. 
Fear of death, fear of illness, fear of 
change of environment. With regard to 
the first of these anxieties, the will to live 
is as strong as ever and old people of weak 
mentality will struggle for life as instinct- 
ively as any drowning animal. For 
instance an old woman of 99, who was 
certified insane shortly afterwards, said, 
in one of her more lucid moments, ‘ Like 
everybody else, I don’t want to die.’ I 
have known many hundreds of old people 
intimately but I have only met one who 
expressed a desire for death, and she lived 
to be nearly 100 in spite of serious illnesses. 
In long-drawn-out bedfastness, sheer in- 
difference to anything often takes the 
place of any active wishes either to live 
or to die, but such people can hardly be 
considered to be mentally alive at all. 
The power of death has been described by 
Herdegger as the ‘ supreme menace’ and 
this power, together with the individual’s 
reaction to ‘ the menace ’ is of the greatest 
significance in respect of the sense of life. 
The dread of growing old ages people 
more quickly than anything else. 

Little study has been made of old 
people’s needs but absence of any care 
beyond the physical often constitutes 
actual cruelty, until time deprives the 
patient of any emotional life whatsoever 
and complete lethargy develops. 

Fear of illness must always be reckoned 
with in combating the danger of chronic 
bedfastness as an old person who does not 
feel well often believes that rest in bed is 
the best cure and presents the surest road 
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to continued survival. Dr. Sheldon has 
shown that fear of accident may dominate 
the life of an old person. Very old people 
are usually most demanding and they will 
at times unconsciously feign worse illness 
until they receive the attention they would 
like. Moreover they do not realise the 
extent to which they are incapacitating 
themselves by not doing for themselves 
what is possible. With children it is often 
much easier to do things for them than to 
help them to do them for themselves and 
this applies equally to old people, yet it is 
a mistaken kindness to wait on them hand 
and foot. 

Bed, in the case of old people, is some- 
times a necessary evil, but every effort 
must be made, whether they are active 
or not to keep their minds alert and re- 
ceptive. In menta] as well as physical 
respects their care and environment is 
a matter of the greatest moment. Feel- 
ings of loneliness and neglect are very 
usual among old people in hospitals and 
Homes however well cared for they are, 
partly because of immobility and partly 
because their friends and relatives are apt 
to tire of them. 

Many people regard constipation as an 
ill at any age and in the old it often be- 
comes a major anxiety. It is the one 
physical ailment with which they think 
they can deal themselves but the fear of 
failure can be one of the reasons for the 
‘bowel consciousness’ which besets a 
large proportion of old people. They 
talk and think of it incessantly. If they 
are controlled in the use of aperients 
they worry, and if their wishes are granted, 
the results are one of the chief trials of 
chronic nursing. This particular anxiety 
may be partly an aftermath of Victorian 
prudishness in such matters in their youth. 

It is frequently stated that the relatives 
should look after their own old people. 
This is true where conditions are favour- 
able, but in the London area at any rate, 
there is but rarely a spare room and the 
harm done to children and to family life 
by the arrival of a grandparent may be 
great. The modern trend of wishing the 
State to provide for the old is due much 
more to lack of housing and the need for 


women to go out to work than to the: 


lessening of the moral standard. Further- 
more, if small convenient dwellings, even 


single rooms, are provided with ancillary } 


services, old people are happier living oy 
their own until physically. incapacitated, 
A striking example of this is shown ina 
Housing Trust in which there are numbey 
of old people, 46 of whom died in the 
course of twenty years—44 at home and 
only 2 in hospital. They had the wil 


and chance to remain independent and | 


the effort involved helped to keep them 
young for their age. The need to go ow 
in all weathers to do their shopping js 
very rarely detrimental to any for as long 
as they find it possible. Instincts of self 
protection, sustenance and assertion imply 
struggle and this struggle is impossible 
where the dominating emotion is quiet 
resignation. 

There is no doubt that old people's 
Clubs play a most important role in 
alleviating the trials of a lonely life. | 
believe that in time the Authorities will 
generously support Clubs and that by so 
doing they will, to some extent, relieve 
the pressure on hospital beds. A most 
important experiment is being made in 
the London Borough of Finsbury. This 
is the employment of people between 70 
and 80 years of age for two hours each day, 
a small payment being made for what they 
do. ‘Those old people will not feel bored 
and lonely. They will have occupation 
and companionship and will not ‘suffer 
from old age’ to the same degree as 
others who sit by the fire and mope. The 
expression to ‘ suffer from old age’ is a 
misnomer. People suffer from _ illness, 
unhappiness, loneliness but they should not 
suffer from old age as such, any more 
than a young child ‘ suffers from youth- 
fulness,’ yet some old folk if they are sufli- 
ciently miserable may even come to 
* enjoy bad health.’ 

‘ Movement from one dwelling to another 
frequently results in a kind of transference 
shock which is not always easily explained. 
It is certainly not always due to fear of 
moving for sometimes this change has 
been desired. We have noticed it fre- 
quently in new residents in our old people’s 
Homes. Where anxiety is felt at the idea 
of leaving the old life for the new, we 
persuade them not to cut adrift where 
possible from their old haunts until they 
have found out whether they really like 
the new. Even so, the upset sometimes 
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causes a weakening of mental and physical 
equilibrium and we can rarely form any 
correct estimate of their condition for the 
first week or two. This is illustrated by 
the case of an old lady of very good type 
who decided to give up her home in order 
to be looked after. On arrival she was 
very forgetful and showed every sign of 
mental and physical deterioration, but 
after two months she recovered, and wrote 
us a letter stating that she was very 
happy and thanking us for the help given 
her in her unfortunate plight. The letter 
was perfectly written and composed and 
might have been the work of a skilled 
secretary. Her morale thereafter com- 
pletely recovered. Sometimes, however, 
the emotional upset from change may re- 
sult in death as is well known in hospitals. 

An old person has to think of himself 
as a matter of self-preservation. Possibly 
familiarity with the sight of distress has 
made his heart colder and diminished his 
susceptibilities both in range and degree. 
His emotions are calmer and less insistent. 
The emotion of affection and friendship 
with other people markedly weakens with 
advancing years and I have been sur- 
prised at the equanimity with which an 
old person accepts the loss of a close friend 
or relative. We experienced a curious 
instance of this with a very old couple who 
had been bombed out and as the old lady 
had arthritis and required attention, she 
was sent to one hospital and the old man 
went to live elsewhere. As they had lived 
together for over sixty years, it was felt 
that they should come together again after 
the war. We were not able to accom- 
modate them in the same house but the 
old lady was brought to a nursing home 
and the man to a Home for old people 
close at hand. They were delighted to 
see one another and Mr. P. visited his wife 
every day and did errands for her. She, 
however, grew very querulous and he 
found it difficult to do right, being fre- 
quently upbraided by her. He therefore 
gradually ceased to do anything for her, 
even to talk to her much, but just sat by 
her side in the afternoons, and slept. 
This went on for a considerable time and at 
at last one day I met him returning from 


his daily visit. He said to me: ‘ Mrs. 


Hill, my wife is dead.’ I replied, ‘I don’t 
think you are right about that for I saw 
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her this morning.’ He answered, ‘ Any- 
way, she is dead to me.’ I told him there 
was no need for him to see her any more, 
and he just walked away and did not see 
her again. As far as I know he never 
asked when she died and was never told, 
though actually she did not live much 
longer after that. This is an extreme 
instance of realism in an old man of 90— 
he was finished as far as his wife was con- 
cerned. It also demonstrates a complete 
disregard for the opinions of other people. 
He did not care what anybody thought or 
said about him. 

The apparently callous attitude which 
is shown by some old people may be partly 
due to a protective sense which instinct- 
ively tries to avoid undue emotional strain. 
Where several old ladies have shared a 
room for some years and one suddenly 
dies, the rest are singularly little affected. 
In one case they even requested that the 
body be left in the room all night. This 
may be partly due to the fact that some 
old people are very anxious not to go to 
hospital and the death of someone else 
in the Home increases their hope that they 
too may remain there until the end. 

Fear of the future possibly accounts for 
the almost universal love of hoarding— 
old clothes are treasured and the best are 
put away without any sense of future 
usefulness. Scraps of paper, empty boxes, 
innumerable purses and cards, form the 
pathetic valuables of many old people. 
It is cruel to deprive them of all possessions, 
and the tidying and re-examining of their 
treasures seems to be the one activity 
really enjoyed by some. An old lady of 
nearly 90 spent many hours a day tying 
and untying little parcels of oddments and 
when it was suggested that so much stand- 
ing was bad for her, she became nearly 
frantic. The range of interests of old 
people naturally shrinks with advancing 
years until finally they find it increasingly 
difficult to take an interest in anything 
which does not seem to be in some way 
attached to themselves. On the other 
hand there is often a childish indifference 
to what other people think of them and 
frequently a complete absence of any 
desire for privacy. As an example of this 
an old woman in her 90’s was in the habit 
of walking about the room which she 
shared with others, completely nude. She 


411 


will 
by 
clieve 
most 
le in 
This 
n 10 
day, 
they 
ored 
ition 
uffer 
> as 
The 
is a a 
ness, 
| not 
nore 
ath- 
uffi- 
to 
her 
nce 
of 
has 
re- 
le’s 
lea 
we 
ere 
ey 
ike : 
1es 


Problems of Old Age 


was not very childish in other ways and 
this particular form of ageing was curious 
as she had been a very proper and efficient 
housekeeper for fifty years, no doubt often 
having upbraided the housemaid for 
appearing without her cap ! 

As general interests fade in number and 
intensity and concentration on themselves 
increases, so food and appetite take a 
larger place in importance in the lives of 
the old. Pleasure in eating is still possible 
and it is indeed one of the few remaining 
indulgences to be enjoyed. Where life 
is drab and distractions few, the next meal 
matters more than in earlier life. Indeed, 
in healthy old age the amount of food 
consumed cannot be counted among the 
reductions experienced ; the emotion of 
pleasure in food may actually increase 
with the years. 

In so many ways old people resemble 
young children. They take the attentions 
of their friends and attendants for granted. 
The emotion of gratitude is often absent 
and no consideration for another person’s 
point of view is afforded. They crave 
affection and attention and do not like 
to be left alone by those on whom they 
have become dependent. On the other 
hand, like children, they can quickly 
switch their allegiance from one person 
to another. The value of time is funda- 
mentally different between young and old. 
The forgetfulness of an old person and his 
reduced power of assimilating new ideas 
makes one hour merge into another and 
time slips by unnoticed and unrecorded. 

The worst that can befall an old person 
is apathy, the absence of any feelings or 
desires. The attitude of being a detached 
and uninterested spectator and not a 
participant in the world around makes for 
inactivity and selfishness but not for 
peacefulness. The comfort of peace is 
for those who can still take their part and 
feel an active interest in other people’s 
lives and activities. 

- All through adult life intelligent people 
are often aware of their own foibles and 
are sufficiently self-controlled to show 
tact and consideration for others. Such 
people undoubtedly find very old age 
easier to manage emotionally than those 
who have always acted on impulse. 

It is curious that realising its imminence, 
old people rarely plan for death. One 


old lady of 87, however, decided that sh 
had not long to live although she had n_ 
obvious disease. She wrote out cheque 
for bequests and took them a distance t 
her relatives saying that she wanted ty 
have the pleasure of giving them herself 
Then, on her return home, she invite 
her friends to come to tea, explaining 
them that she had not long to live and 
would not be seeing them again. She felt 
herself getting tired but she got up every 
day and in the night following her las 
day, her heart gave out and she died. 

Susceptibilities are diminished both in 
range and in depth and recent experience; | 
are soon forgotten. Some very old people 
get constant happiness from memories of 
the past; some from the contempla | 
tion of religion, and possibly the most 
contented of all are those who continue 
a life-time habit of service to others, 
The greatest gift of all, which sometimes 
continues to the end of a very long life, 
is the power of ‘ enjoying other people,’ 

There seems to be an increasing ten- 
dency to resist old age. Those people who 
accept and understand its inevitability 
are emotionally in a much. stronger 
position than the others. 


CHANGES OF HUMAN PERFORMANCE 
AGE 


by 
A. T. Welford 


Tue beginning of the scientific measure- 
ment of human performance in relation 
to age should, perhaps, be taken as 1884, 
when Sir Francis Galton at an Inter- 
national Health Exhibition in London, 
set out to measure various kinds of human 
capacity, such as strength of grip and 
swiftness of blow. People willing to try 
their strength paid threepence and then 
went down a line of instruments, having 
a go at each while an attendant recorded 
their scores. Many other studies have 
been made since that time, mostly in 
America. 

The early studies usually attempted to 
gather facts about simple performances 
taking at most a few seconds. It was 
commonly assumed that these were in a 
sense elemental and that by combining 
knowledge about a number of them 4 
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picture could be built up of the ability of 
an individual or of an age group. Research 
in recent years has shown that this view 
is incorrect. If we want to gain an ade- 
quate idea of a person’s ability, we must 
study his performance at complex tasks 
continued over a substantial period of 
time, because it is only under these con- 
ditions that many of the most important 
characteristics of human function have 
a chance of showing themselves. 

Studies fulfilling these requirements 
can be carried out in two main ways. 
The first is by laboratory experiments in 
which people are given a carefully de- 
signed task to do under controlled con- 
ditions, and arranged in such a way that 
a detailed record can be taken of what is 
done. The second way is by field studies 
in, say, factories, where younger and 
older people on similar jobs can be com- 
pared and their success or failure on any 
job can be related to the human demands 
it makes. 

So far it is from laboratory experiments 
that our clearest knowledge comes. Let 
us consider some of the typical differences 
between a younger and an older man 
doing such an experiment. A young 
man, aged say between 20 and 30, comes 
in to the laboratory. He is told what 
he has to do—perhaps to aim at a target 
or to learn a series of actions to work 
a machine, or to think out the solution 
of a logical problem. He listens and 
then begins. He works quickly and 
actively. He makes mistakes from time 
to time, but these do not appear to trouble 
him very much. His attitude is easy and, 
while seeming interested in doing his best, 
he does not worry much whether he does 
well or badly. 

With an older man the case is very 
different. The experimenter has prob- 
ably had difficulty in persuading him to 
come to the laboratory at all. When he 
does come, he is often suspicious and 
nervous, afraid that he is going to do 
badly and appear foolish. The experi- 
menter succeeds in putting him at his ease 
and then tells him what he has to do. 
Often this takes a considerable time. He 
seems to have difficulty in getting the task 
clear and he asks many questions before 
he is satisfied he understands. As soon 
as he begins to do the task, it is clear to 
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an observer that his manner of perform- 
ance is different from that of a younger 
man : he is more careful and deliberate. 
After he has finished he is anxious to 
know how he has done and how his 
performance compares with those of 
others. 

This kind of picture is typical and indi- 
cates four tendencies found associated 
with age, not in all individuals but, it 
seems, in a majority. First, older people 
tend to put more effort and concentrated 
care into their performances than do 
younger. Second, in spite of this, they 
seem often (not always justifiably) to lack 
confidence in their ability to do things 
which lie outside their normal routine. 
Third, older people tend to be slower but 
more accurate than younger. Fourth, 
the changes with age begin early : by the 
30’s many changes continuous with those 
of extreme old age have already begun, 
although their effects may not become 
striking until much later. 

These four tendencies are not confined 
to performance at experiments, but seem 
also to show in the behaviour of older 
people in industry. Older people, for 
instance, appear to waste less time than 
younger and to have fewer accidents 
attributable to carelessness. There are 
certain jobs from which people tend to 
move away as they get older, but it seems 
that they will often carry on for a long 
time under an increasing strain before 
they will make a change. When they do 
change, they often have difficulty in 
learning a new job, partly it would seem 
because they lack the necessary confidence 
to try their hand at something unfamiliar. 
The most difficult work for older people, 
whether to do or to learn, seems to be that 
which lays emphasis on speed in some 
form. Where they have an opportunity 
to display care and accuracy to advantage, 
and speed is of secondary importance, 
older people get on much better and are 
often the most valuable workers in the 
factory. Again, these observations apply 
not just to the oldest people. The 
tendencies begin to show among people 
of 25 to 35, and are usually well 
evident among those in the 40’s. 

These trends we can regard as facts, 
visible in many different connections, and 
not in dispute. They are true ageing 
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effects and not merely the result of cul- 
tural changes during the last few decades, 
because they are also shown mutatis 
mutandis in animals. It is when we at- 
tempt to go behind them and enquire 
into causes that we get into difficulty. 

We can approach our problem by look- 
ing at some of these trends in greater 
detail. When we do so we find the picture 
is more complicated than, it appears at 
first sight. Let us begin with two points. 
First, changes with age do not occur 
equally at all tasks; for instance, they 
occur less with easy tasks than with diffi- 
cult ones. Second, as we go up the age 
scale we find that differences between 
people of the same age at the same task 
get greater—if we take a group of 
people in their 50’s and 60’s, some will 
show performances profoundly different 
from those of people in their 20’s, while 
others will show performances which are 
nearly the same. The changes we know 
most about so far are, unfortunately, 
changes for the worse. Some older indi- 
viduals, however, at some tasks do 
strikingly better than most younger 
people. I well remember one experi- 
ment in which the star performer was 
a man of 58, who did far better than any 
people we tested in their 20’s, and 
another experiment in which a man well 
over 70 was the third quickest in a 
group of sixty-four with ages ranging from 
20 to 79. These are by no means isolated 
cases: the same kind of thing seems 
to occur surprisingly often. 

The reason for both these findings 
would appear to be the same. Human 
performance of any task is dependent 
on the action of a whole chain of mechan- 
isms—receptor organs, the central brain 
mechanisms which integrate and interpret 
information and form actions, and the 
effector systems which execute these 
actions. Performance at a task depends 
upon the extent to which the subject’s 
capacities in all these various respects are 
able to meet the demands of the task 
without being stretched too far. When 
we say a task is easy we mean that it lies 
well within the capacities of all the 
mechanisms involved for a normal human 
being, and when this is so capacities can 
diminish with age, fatigue, disease and so 
on, without any impairment of achieve- 


ment. The subject may be working with 
less margin but his performance wil) 
remain adequate. 

If capacity diminishes or the demand 
of the task increase, there will come 2 
point when the subject is unable to match 
capacity to demand in the way he could 
formerly. Often when this happens he 
will continue to carry out the task ade. 
quately by changing his method in such 
a way as to reduce the demands upon 
capacities which are being overtaxed and 
shift the burden on to others. His per. 
formance may as a result be less efficient 
but it will not fail. Sometimes the change 
is such that if we look simply at his 


overall achievement we find no apparent | 


change at all. It is only when we exam. 
ine what he does in detail that we see 
some difference has appeared. Thus 
increased care leading to increased ac- 
curacy often compensates fully for loss of 
speed. Sometimes, indeed, it more than 
compensates, so that achievement by 
older people tends to be better than by 
younger. 

These compensatory changes can only 
occur if the task is such that it can be 
carried out in a number of different ways. 
When the form or the timing of the de- 
tailed actions are dictated within narrow 
limits by the requirements of the task and 
cannot be varied at will, older people are 
likely to be at a severe disadvantage. 
This is noticeable in some kinds of factory 
work. For instance, people tend to 
move away from highly standardised 
work, especially from work on rapid 
conveyor lines, in the late 40’s and early 
50’s, so that by the late 50’s very few 
are left. The reason given is not usually 
the effects of age. Frequently the move 


is made after an accident or illness, but it . 


is clear that these are often merely the 
occasion of a move and not the cause. 
Their severity is quite inadequate to 
account for the change of job involved. 
The real cause is a change of ability, 
which has been gradually accumulating 
until the strain of the job is too great to 
be borne. 
The changes of capacity which bring 
about such changes of performance need 
only affect one part of the chain of 
mechanisms involved, and we find that 
when changes with age occur they often 
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affect only one or two portions or aspects of 
a whole complex performance leaving the 
rest more or less unaltered. For instance, 
it has been shown in a serial task where 
each movement made by the subject 
brings on the signal for the next move- 
ment, that older people are just as quick 
as younger in making the actual move- 
ments. Where they are slower is in the 
time between the appearance of a signal 
and the start of the movement in response 
to it. Contrary to popular opinion slow- 
ness in cases like this is not due to some 
deficiency in the muscles, It may be 
possible to demonstrate such deficiencies 
in an anatomical or physiological sense, 
but here at least they do not seem to 
be the factors which limit the speed of 

rformance. This point is supported by 
the fact that older people carry out a wide 
range of moderately heavy work with 
success. We can also be fairly sure that 
changes in the efficiency of the sense 
organs are not the cause of the change in 
performance. We know they occur but 
again they are not limiting. 

What would seem to be by far the most 
important change with age lies in the 
central brain mechanisms which integrate 
and interpret the incoming sensory data 
giving it meaning and initiating action in 
response. Just what the changes are is 
a question which is at the growing point 
of present research and one which we 
cannot answer clearly. Almost certainly 
there is some general slowing, although 
how much it is due to physiological 
changes in the brain and how much to the 
caution born of the experience of past 
rashness we do not know. But slowing 
isnot the whole story. The sort of thing 
one finds is that if pictures and designs are 
shown moving behind a narrow slit so 
that only a small strip can be seen at 
any one time, people over 60 see simple 
pictures about as well as do younger, but 
have difficulty with complex pictures. 
When throwing at a target they can see 
directly people of all ages from the 
‘teens to the 60’s or 70’s achieve about 
the same accuracy, but accuracy goes 
down with age when the target is hidden 
from direct view and can be seen only via 
a mirror. Again, if subjects are con- 
fronted by a row of light bulbs one of 
which is on and are required to move 
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their arm, hidden from view under a 
table, to a position opposite this light, 
older are as successful as younger. But 
if the same horizontal arm movements are 
required in response to lights in a row 
placed vertically, older people appear 
at a disadvantage. We might perhaps 
say in a very general way that older 
people seem to find difficulty when they 
have somehow to juggle with the in- 
formation they get from their senses. 

If we compare the beginning with later 
stages of a repetitive task we again find an 
age difference. Older people often take 
longer to reach a given standard of per- 
formance than do younger, although 
when they have done so they may be able 
to maintain it well. We say on the basis 
of such evidence that older people have 
difficulty in learning; but what this 
means is not at all clear. Psychologists 
have often assumed in the past that learn- 
ing a new task is some process of filling in 
a blank bit by bit with repetition. There 
can be no doubt that for many tasks at 
least this assumption is false. When we 
confront a new task we usually deal with 
it in terms we have used for previous 
tasks. These provide us with methods 
of tackling the new task which may or may 
not be appropriate. Thus a man who has 
learnt to ride a bicycle finds the road- 
sense he has acquired useful when he 
comes to drive a car, but the co-ordinationa 
cyclist has between tilting his machine and 
steering movements, can lead to devas- 
tating results if he tries to ride a tricycle, 
and they have to be unlearnt or modified 
before he will steer a tricycle straight. 
There is some evidence both from experi- 
ments and from field information that 
transfer of this kind from previous ex- 
perience becomes more important as 
people get older, with both the advantages 
and disadvantages that this implies. On 
the one hand, the best performer at a 
task which involved the wearing of dark 
goggles was an older subject who had a 
long experience of work in dark-rooms. 
On the other hand, we find that one of the 
most persistent difficulties of learning for 
older people is the getting rid of errors 
introduced in the early stages of practice 
due to erroneous pre-conceptions. The 
problem is not entirely one of transfer of 
training in the conventional sense. It is 
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also that the method built up in the” 


first attempt at a new task is difficult 
to modify. 

This is about as far as our present 
knowledge can take us with reasonable 
certainty. The picture I have drawn is 
perhaps at first sight a depressing one, 
and yet upon reflection may be seen not 
be so after all. We have considered the 
difficulties encountered by older people. 
These we cannot escape. We know they 
exist, and are real problems to be over- 
come. I feel sure we must agree that it 
is not by glossing them over or neglecting 
them but by seeking to understand them 
that we can best open the way to their 
removal, 

In conclusion, let me suggest one moral 
which can be drawn from the research on 
ageing which has been done so far and 
which must be borne constantly in mind 
if we are to think clearly about the per- 
formances of older people. It is that we 
must not allow ourselves to be led astray 
either by generalisations or by particular 
individuals. The ability of older people 
to do a task or job will depend upon the 
demands it makes and these must be con- 
sidered in detail. Generalisations about 
whole industries or about classes of work 


in the usual industrial sense, such x 
skilled, semi-skilled and unskilled, canno 
justifiably be made because the classifica, 
tion is not in line with the variabl, 
significant for older people. Again, whe, 
we look around among the older peopk 
we know we can always find exceptions 
often many and striking, to every one of 
the generalisations that has so far been 
made about performance in old age. At 
the same time, almost whatever task we 
consider we shall be able to find some older 
people who can do it well, but this does 
not mean that it is suitable for the majority, 

Rigid general policies for the employ. 
ment or retirement of older people 
cannot, therefore, be justified on grounds 
of ability. A policy applicable to a 
job making one set of demands will 
not be applicable to another making 
different demands. It would seem that 
there should be different policies for 
different jobs. Yet even these cannot be 
justified if they are applied as rigid rules, 
However carefully they are framed they 
will be valid only in a statistical sense, 
They cannot absolve those responsible for 
administering them from the need to 
consider the older people concerned as 
individuals. 
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ENERGY INTO NERVE IMPULSES 


Ar the Association’s Annual Meeting in Belfast, 1952, Section I (Physiology) devoted 
its last session on the morning of September 10 to the subject of energy into nerve 
impulses. Dr. E. D. Adrian, O.M., P.R.S., Master of Trinity College, Cambridge, 


considered the mechanism of olfactory stimulation in the mammal. 


Dr. Hallowell 


Davis, of the Central Institute for the Deaf, St. Louis, U.S.A., read a paper on the inner 
ear. Dr. M. H. Pirenne, of Aberdeen University, dealt with visual excitation, and 
Dr. J. A. B. Gray, of London University, discussed the initiation of impulses at some 


sensory endings. 


Tue MECHANISM OF OLFACTORY 
STIMULATION IN THE MAMMAL 


by 
Dr. E. D. Adrian, O.M., P.R.S. 


Tue title of today’s meeting suggests that 
this paper ought to deal mainly with the 
biophysics of the olfactory receptors, with 
the sequence of events which begins with a 
scent drawn into the nose and ends with the 
dispatch of nerve impulses from the sensory 
cells in the olfactory organ. The mole- 
cules of certain substances reaching the 
surface of the olfactory epithelium produce 
a disturbance in the terminal hairs which 
starts a discharge of nerve impulses along 
the axons of the receptor cells. What 
happens to the hairs, how do the molecules 
act as an effective stimulus and what 
becomes of them afterwards? I am 
afraid I have not much to add to current 
speculation about these problems, for in the 
work I have been doing on the olfactory 
organ I have been mainly concerned with 
the secondary problem of olfactory dis- 
crimination, how the particular nervous 
discharge conveys information implying 
a particular smell ; I have not faced the 
primary problem of why it occurs. But 
certain points have emerged which may 
be worth discussing, and the first is that of 
the sensitivity of the receptors. 
There is a good deal of evidence sug- 
gesting that the olfactory organ in man is 
less sensitive than the much larger 
organs in dogs or sharks and the much 
smaller organs in moths and insects. The 
human nose is said to be able to detect 
about 10!° molecules of mercaptan in 
20 cc. of air, about enough mercaptan to 


cover the receptive area with a layer one 
molecule thick, if it were all absorbed 
there,, but there are accounts of moths 
guided by the smell of their mates over 
long distances and of dogs following trails 
from which it is difficult to imagine the 
emission even of such a low concentration 
of scent. 

It is difficult to arrive at any data for 
the sensitivity of the receptors when they 
are used in such a complicated process as 
the tracking down of a scented object, and 
all I want to do is to suggest that the 
superiority of other animals to man is 
probably due much more to a greater 
power of discriminating scents than to a 
lower absolute threshold at the end organs. 
Our eyes are far superior to those of any 
other animal when it comes to recognising 
a page of print but it does not follow that 
the receptors in them are more sensitive 
to light. Animals with larger olfactory 
organs than ours may seem more keen 
scented, but a large surface covered by 
receptors can give more information than 
a small one, although the receptors in it 
are no more sensitive. No doubt a large 
collection is more likely to contain a few 
of exceptionally low threshold, but even 
the human nose contains several millions. 
At all events an animal with a larger organ 
and a larger fraction of the brain to attend 
to its signals should be much better 
equipped for distinguishing one scent from 
another, and for using smell to guide its 
behaviour, because the pattern of signals 
coming from the nose will be more 
elaborate and the central nervous system 
will be more sensitive to its variations. 

It is true that I have no evidence 
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suggesting that the receptors in the human 
nose are as sensitive as those in the dog, 
but I do not think they are much less 
sensitive than those in the rabbit. 

This brings me to the work on the 
nervous discharges from the olfactory 
organ which I have been doing recently. 
It has used rabbits because the rabbit’s 
olfactory bulb is easily exposed, so that a 
fine electrode can be thrust into it to 
record the electrical activity which accom- 
panies the olfactory signals. ‘The method 
gives a fresh line of information about 
smell but it has some important limitations. 
One is that the signals which are recorded 
are not those sent from the receptors into 
the bulb, but are the condensed version 
which starts in the dendrites of the mitral 
cells and passes down their axons to the 
brain. Allison and Warwick reckon that 
the ratio of receptors to mitral cells is 
about 1,000 to 1 and there is ample 
opportunity for interaction and _ con- 
vergence of the signals in the glomeruli 
where the non-medullated fibres of the 
receptors meet the mitral dendrites. We 
are dealing therefore, as we have to do 
when we record from the optic nerve 
fibres, with signals which have been 
greatly condensed and may have been 
modified in other ways. The other 
important limitation is that it is necessary 
to anaesthetise the animal deeply to stop 
the continuous activity of many of the cells 
in the bulb. The anaesthetic may make 
the receptors less sensitive, though its effect 
can be allowed for and is usually small. 

Taking the electrical activity of the 
mitral cells and fibres as an index of 
olfactory stimulation, it is found, as one 
would expect, that with most smells the 
excitation is confined to each inspiration 
unless the concentration is very high. 
And it is also found that the concentration 
which is just perceptible to the human 
nose differs very little from that just 
capable of producing an olfactory dis- 
charge in the rabbit. This is true at all 
events for most volatile substances, such 
as Amyl Acetate, Benzene, etc. 

The method used for varying the con- 
centration of the scent is to expose the 
nose to a stream of purified air to which is 
added more or less of another stream which 
has passed through a bottle containing 
the scented material. Both streams come 


from the compressed air supply of the 
laboratory and are filtered by Passage 
over absorbent charcoal. The stream of 
scented air is controlled by a screw valye 
and as this is opened the air passing over 
the nose will contain more and more of 
the scent. The same arrangement is used 
for the rabbit and for man. The opening 
of the valve is recorded by the rising signal 
line on the tracing: for the rabbit the 
threshold concentration is shown by the 
development of an olfactory discharge and 
for man the threshold for sensation js 
signalled by touching the input of the 
oscillograph to give a sudden deflection. 
The records show a fairly close agree. 
ment between the two thresholds with 
smells of different potency. They are 
no doubt biased in favour of man. The 
threshold for an olfactory discharge varies 
with the position of the recording electrode 
and it may not be in the most favourable 
place, the rabbit is anaesthetised, and the 
volume of air drawn through its nose at 
each inspiration is much smaller than that 
of a human sniff. Yet the agreement is 
striking and it has been found repeatedly. 
Certain smells are exceptions, for in- 
stance the rabbit’s nose reacts to the 
vapour of purified paraffin oil which is 
odourless to man and seems much less sen- 
sitive to nitrobenzene. But comparisons 
of sensitivity cannot easily be made with 


substances of low volatility, because a 


large volume of air drawn rapidly through 
the rabbit’s nose will always produce an 
olfactory discharge however pure the air 
may be. It seemed at first that this was 
due to mechanical stimulation of the 
receptor hairs by the air current but later 
work has made it clear that mechanical 
stimulation can be ruled out under normal 
conditions and the discharge is most 
probably due to stimulation by material 
coming from the animal itself, its snout or 
the anterior parts of the nose. ‘The fact 
that we are unaware of intrinsic stimula- 
tion of this kind does not show that it does 
not occur. We become adapted almost 
at once to the smell of the room we are in, 
but the rabbit’s olfactory organ will con- 
tinue for hours giving a discharge each 
time the air is breathed in and this can 
only be stopped by making it breathe air 
specially purified by filtration through 
charcoal. If our noses behave in the 
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same way we must suppose that some 
kinds of olfactory adaptation are due not 
to any failure of the sense organ, but to 
the brain ceasing to pay any further 
attention to the signals it is receiving. 

On the whole, then, these records do 
not show that the rabbit’s olfactory 
receptors are much better than ours. But 
their chief interest lies in the information 
they can give about the discriminative 

wer of the organ, and they do give 
some information, though it is not as 
revealing as we might have expected. 
They show several different features by 
which the discharge might be distinguished 
as due to a particular smell. Taken 
separately no one of them seems adequate 
to explain the great variety of smells 
which we can recognise, but taken 
together they would certainly give a wider 
range of discrimination. How wide it is 
difficult to say, but at all events they 
would give some basis for the separation 
of smells into different categories. 

The differences in the olfactory dis- 
charge are of two kinds, depending on 
(a) differences in the excitability of 
different receptors and of different regions 
of the organ to different materials and 
(6) differences in the time course of the dis- 
charge, the latency, duration and rate of rise 
and fall in the frequency of the impulses. 

I shall begin with what is perhaps the 
most important, the differential excita- 
bility of the individual receptors, or rather 
the groups of receptors which lead to one 
mitral cell in the bulb. So far I have 
found that wherever the potential spikes 
due to one mitral unit can be clearly 
distinguished from those in neighbouring 
units it is nearly always possible to find 
some particular substance which will excite 
that unit at a concentration too low to 
affect the others. Each unit therefore 
seems to have a special relation to one 
kind of smell. The nature of this relation 
is best seen from the actual records. In 
one, for instance, Acetone gives a discharge 
consisting entirely of large spikes, clearly 
due to a single unit, even at high concen- 
trations of the vapour. Amyl Acetate 
stimulates this unit, but stimulates a 
number of others as well (shown by the 
small potential spikes interspersed with 
the large) and Pentane stimulates the 
units giving the smaller spikes without 
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affecting the unit which reacts to Acetone. 


‘We must not say that this unit is more 


sensitive to Acetone than to anything else. 
Without having an absolute scale we can 
only compare the sensitivities of different 
receptor groups to the same smell. But 
the unit is specially sensitive to Acetone in 
that it reacts to a concentration which has 
no effect on any of the neighbouring units. 
Many smells will make it discharge, but a 
discharge confined to it and to similar 
units must be due to Acetone and not to 
any of the other substances on the list. 

The specific sensitivity is not always as 
clearly shown. But units have been found 
with the same kind of specific relation 
to other substances and the list so far 
includes Trimethylamine, Ethyl Acetate, 
Amy] Acetate, Pentane, Octane, Benzene 
and various oils. One was found with 
a special sensitivity to an unidentified 
constituent in the unfiltered air of the 
laboratory. The list could no doubt be 
extended, but it is already long enough to 
show that we are not likely to find a very 
few primary smells out of which all others 
can be compounded. 

But we can distinguish two main classes 
of which Acetone and Cedar Wood Oil 
are representatives, the one soluble in 
water and the other soluble only in lipoids. 
A unit specially sensitive to Acetone will 
seldom react at all to Cedar Wood Oil 
and vice versa. And this brings us to the 
second feature which distinguishes the 
response to different smells—the regional 
differences in sensitivity. By making 
simultaneous records from two points in 
the bulb, one can determine the sensitivity 
of the corresponding regions of the olfac- 
tory epithelium to different smells and it 
is found that the anterior parts react well 
to Amyl Acetate, Acetone, and water 
soluble substances generally but scarcely 
at all to substances soluble only in lipoids. 
The posterior parts have a much lower 
threshold to the lipoid soluble substances 
and often (though not invariably) a higher 
threshold to the water soluble. ‘The 
central parts of the bulb react to both and 
it is only in the central parts that we can 
pick out units with well marked differences 
in specific sensitivity. 

It seems then that as we go forward 
there is a general rise in the threshold 
concentration for the lipoid soluble smells. 
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Although the neighbouring units may differ 
in their specific sensitivity, the tendency will 
be for these smells to produce a discharge 
which comes mainly from the back of the 
organ and scarcely at all from the front. 

It is, of course, scarcely surprising that 
the solubility of the substance in water or 
lipoids should be an important factor in 
its effectiveness, and this is shown just 
as clearly when we consider not the 
thresholds but the time course of the 
discharge with different smells. ‘The most 
striking difference is in the latency of the 
discharge, the time elapsing between 
the actual arrival of the scented air in the 
olfactory organ and the beginning of 
the mitral cell activity. With urethane the 
Jatency does not vary appreciably with the 
depth of anaesthesia, and, although it is 
longer when the concentration of the 
smell is very near the threshold, it changes 
very little at higher values. With Amyl 
Acetate, Ethyl Acetate, Ethyl Ether, 
Acetone, Ammonia and Trimethylamine 
it is always shorter than 0-05 sec., with all 
the substances insoluble in water it is 
longer than 0-1 sec. and it is longest of all 
with the heavier oils. 

As one might expect, the discharges with 
the shorter latency are usually the more 
abrupt. The impulse frequency is at a 
maximum very close to the beginning and 
the discharge is very soon over. With par- 
ticular substances (paraffin lamp oil, coal 
gas, etc.) the discharge often persists much 
longer, though the duration is influenced 
by too many factors to be a reliable guide. 

Whether these differences in time rela- 
tions assist the rabbit’s brain to identify 
the substance or not, they are pronounced 
enough to guide an observer who listens 
to the discharge recorded by a loud 
speaker, enough at all events to show 
whether the substance is Amy] Acetate, 
Pentane or Coal Gas. 

These are the main features which 
appear to furnish a basis for olfactory 
discrimination : differences in the speed 
of action depending on the solubility of 
the substance in water or lipoids, differ- 
ences in the effectiveness of water soluble 
and lipoid soluble substances in different 
parts of the organ and differences in the 
thresholds of the groups of receptors 
leading to single mitral cells. Some of 
these differences may well depend on 
the structure of the organ: at low con- 


centrations, for instance, substances which 
are highly soluble in water will stand littl 
chance of reaching the recesses at the 
back, for they will be absorbed by the 
anterior regions, and in general the distr). 
bution of a substance over the olfactory 
epithelium is likely to depend in large 
measure on its volatility and the physical 
properties of the molecules. 

The specific sensitivity of different 
receptor groups may perhaps be related 
to differences in the length of the terminal 
part of the cell—at all events this varies 
widely in neighbouring units and it js 
the only noticeable difference between 
one receptor and another. Evidently the 
chemical affinities of stimulant and recep. 
tor must be matched in some way, though 
it is remarkable that many olfactory 
stimulants are relatively stable compounds 
(e.g. Pentane, Benzene). However it acts, 
the stimulant must be removed or neutral- 
ised very rapidly : within a few seconds 
the discharge is over and the receptors are 
ready to respond again as though they had 
never been disturbed. 

Although in many of their effects the 
substances which stimulate the organ can 
be separated into the two main groups 
soluble in water and soluble only in 
lipoids, yet their separation is not abrupt 
and so far no clear sub-divisions have 
appeared within either group. It is 
unlikely therefore that olfactory discrimi- 
nation depends on a limited number of 
distinct receptor types. For the present 
our evidence favours the view that it must 
depend on the co-operation of a number of 
factors giving information about different 
properties of the stimulating agent. These 
factors could certainly account for great 
variations in the spatial and temporal 
pattern of excitation and great variations 
are needed to account for the immense 
variety in sensations of smell. 


Tue INNER Ear? 
by 
Dr. Hallowell Davis 


Tue form of energy involved in hearing is 
mechanical movement. The movements 


1 This work was carried out under Contract 
N6onr-272 between the Office of Naval Research 
and Central Institute for the Deaf. The text s 
illustrated by a diagram of the microscopic anatomy 
of the guinea pig’s ear (p. 423). 
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are small in amplitude and high in 
frequency, and for ordinary everyday 
sounds the amount of energy is small. 
Nevertheless, the sense organ for hearing 
is one of the class of mechano-receptors, 
together with the non-auditory labyrinth 
sensitive to acceleration and gravity), 
the lateral-line organ of fishes, touch 
corpuscles and the receptors for pressure 
and tension in skin, joints, tendons and 
muscles. 

These receptors are differentiated in 
various ways: some, like the otolith 
organ, are specialised for persistent, 
slowly changing, weak forces ; some, like 
the ear, for rapidly alternating weak 
forces ; others, like pressure endings, for 
strong steady forces, and so on. All of 
them seem to have in common, however, 
as the final critical action, the deformation 
of a specialised sensory cell or some part 
of it. Certainly this is true for the ear, 
where the whole elaborate structure of the 
middle ear, the cochlea, the organ of 
Corti, the tectorial membrane and the 
hair cells, seems to be cunningly designed 
to cause a bending of the hairs of the hair 
cells whenever sound waves fall on the 
ear drum. A very similar action occurs 
in the non-auditory labyrinth whenever 
the head is accelerated; either by 
rotation of by linear movement. 

Two major questions can be asked about 
each mechano-receptor. First, how is the 
particular sense organ, be it the cochlea, 
a Pacinian corpuscle or a muscle spindle, 
adapted to the particular type of mechani- 
cal stimulus to which it best responds and 
is it a phasic or a tonic receptor? The 
answer will, of course, be different for 
each and every receptor, These are the 
classical questions, and the answers are 
now fairly clear, at least for the inner ear 
and for the organs of muscle sense. For 
the ear a combination of the resonance or 
place principle with the frequency or 
volley principle is now almost universally 
accepted. 

The second major question, for which 
the answer may very well be the same for 
all forms of mechano receptors, is ‘ How 
does mechanical deformation of a sensory 
cell, or a small part of a sensory cell, set 
up a nerve impulse in the sensory fibre 
that innervates it?’ Neurophysiologists 
In the past have simply ignored this 
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question, chiefly because in answer they 
could only mumble something about 
‘ depolarisation.’ It was an ‘ unfriendly 
question ’ in the same class with queries 
as to the mechanism of inhibition at 
central synapses. Now at last, however, 
we have some relevant experimental facts, 
and I shall make bold to set them forth 
and to connect them with one another in 
the form of a tentative working hypo- 
thesis. The hypothesis in question applies 
to all hair cells that are sensitive to 
mechanical stimulation, including the 
non-auditory labyrinth and the lateral-line 
organ. It may or may not be applicable, 
with modifications, to touch corpuscles, 
pressure endings, muscle spindles, and the 
others. 

The extreme sensitivity of the ear at 
threshold sets some interesting specifica- 
tions and limitations on any theory of its 
action. Extrapolations from _ reliable 
measurements indicate that the amplitude 
of movement of the basilar membrane in 
the cochlea at the threshold of human 
hearing (for favourable frequencies) is 
less than the diameter of a hydrogen 
atom (1). There seems to be no doubt, 
even with all allowances for errors of 
extrapolation and of approximations, that 
movements of molecular and possibly of 
atomic dimensions are adequate to initiate 
nerve impulses in the auditory nerve. 

A second calculation, this time of the 
power or energy level of the same threshold 
stimulus, shows that the energy level is of 
the same order of magnitude as the energy 
of thermal agitation of the molecules (2). 
Here again certain assumptions are in- 
volved, as to the area of basilar membrane 
and the band-width of frequencies that 
should be considered, but again it is only 
the order of magnitude that is important. 

The question is how can such infinitesimal 
amplitudes and minute energies suffice to 
do the work of stimulating a nerve fibre. 
The energy must certainly be delivered 
efficiently, both as to form and as to place ; 
and at that place there must be nervous 
tissue that is just at the verge of spon- 
taneous discharge so that a minimal 
increment of energy will suffice for 
excitation. Of course, the nerve impulse 
which is set up by the stimulus represents 
a trigger action, for it is an all-or-none 
release of energy that is already stored in 
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the nerve fibre. But I am thinking only 
of the energy that is the external stimulus 
to the nerve. This energy may have been 
derived, or ‘ transduced,’ from the original 
acoustic energy or it may have been 
‘valved’ in some way by the acoustic 
energy. I suspect that Nature, having 
invented a system of echo-location to 
guide bats in flight long before we humans 
ever thought of sonar, did not overlook 
the possibility of a special preamplifier 
to put in the ear ahead of the standard 
repeater units of the nerve fibres. There 
are obvious advantages in combining (i) a 
transducer that would change the energy 
of mechanical movement (auditory, vi- 
bratory of slow displacement) into a form 
of energy more favourable for excitation 
with (ii) an amplifier that would deliver 
to the nerve fibre more energy than it 
receives from the external world. The 
extra energy must come, of course, from the 
metabolism of the tissues that constitute 
the ‘ amplifier.’ 

But if we look in the ear for transducers 
and amplifiers we must remember that 
although Nature is very clever at devising 
miniature electrical batteries (as in the 
electric eel) she must work without the 
benefit of wheels, metallic conductors and 
vacuum tubes. We look instead for 
levers, for physico-chemical reactions, and 
for the movement of ions instead of free 
electrons. 

Now let us look at some of the experi- 
mental evidence, old and new, concerning 
events in the inner ear. We have known 
since 1930 that the inner ear generates an 
alternating electrical voltage that closely 
reproduces the time pattern of the incident 
sound waves. Wever and Bray (3) first 
called attention to this phenomenon, but 
it was my illustrious predecessor in this 
programme who first suggested a ‘ micro- 
phonic action of the cochlea ’ (4). In our 
laboratory we call this AC voltage the 
‘cochlear microphonic’ (or CM) to 
distinguish it from the neural ‘ action 
potentials ’ and from the more recently 
discovered direct current (DC) potentials. 

The only specific theory of the excitory 
mechanism in the ear has been that the 
cochlear microphonic is the immediate 
stimulus to the terminals of the auditory 
nerve. 

Indirect evidence seemed to associate 
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the cochlear microphonic with the hai: 
cells of the organ of Corti. I shall no 
review this evidence but will only add 
that very recent explorations of the interio, 
of the cochlea with microelectrodg 
independently by Békésy at Harvard (5 
and by Tasaki at Central Institute for the 
Deaf (6), have strongly supported this 
conclusion. The source (or sink) for the 
cochlear microphonics seems to be the 
hair-bearing end of the hair cells. This, 
you will recall, is the exact spot where, by 
the lever-like action of the hairs (imbedded 
also in the tectorial membrane), the 
mechanical movement of the cochlear 
partition seems to come to a focus. And 
Békésy, by ingenious use of a tiny vibrating 
electrode, has shown that it is radial 
movement of the tectorial membrane 
across the organ of Corti that is most 
effective in producing the cochlear micro- 
phonics. 

The cochlear microphonic is produced 
with no measurable latency relative to 
the mechanical movements of the hairs. 
All of the observed delays can be ade- 
quately explained as delays in the acoustic 
transmission between the mechanical (or 
acoustic) driver and the actual movement 
of the hair cells in question. Incidentally, 
the voltage of the microphonic depends on 
the amplitude of the displacement of the 
basilar membrane, not on its velocity (5). 
This fact eliminates streaming potentials 
as the source of the microphonic. 

For many years I doubted whether the 
cochlear microphonic was an intermediary 
in the chain of events leading from acoustic 
energy to nerve impulses (7). The latency 
of the nerve impulses relative to the 
microphonic seemed too long. I thought 
vaguely of an autocatalytic chemical 
process. Then we found what we thought 
was a new potential in the cochlea, with 
a shorter latency (8). We called it the 
‘summating potential’ and hailed it as 
the immediate precursor of the nerve 
impulse. Within the last year, however, 
thanks to Dr. Tasaki, we have reinter- 
preted our observations and we now know 
that our ‘ summating potential ’ is really 
the beginning of the action potential in 
the peripheral part of the nerves within 
the cochlear canal (9). (I pass over the 
small second-order ‘summating poten- 
tials’ that are seen in injured or anoxic 
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cochleas.) The long latency of the classical 
nerve impulse recorded from the cochlea 
is due to rather slow conduction of the 
impulse from the organ of Corti to the 
internal auditory meatus (6). The true 
latency of the nerve impulse following a 
strong sudden acoustic stimulus is actually 
so short that there seems to be insufficient 
time for any chemical process involving 
diffusion or autocatalysis to intervene 
between the mechanical movement (and 
its microphonic) and the nerve impulse. 
I now accept the hypothesis that the 
cochlear microphonic is the immediate 
stimulus to the auditory nerve fibre. 

But how do the hair cells act to trans- 
duce acoustical energy to electrical ? 
Some years ago, for descriptive purposes, 
I likened the production of the micro- 
Phonics by the hair cells to the piezo- 
electric action of a quartz crystal. I wish 
I had never drawn the analogy, as it now 
proves to be most misleading. It suggests 
that the energy of the microphonic is 
derived entirely from the acoustical energy 
of the stimulus, a simple transduction of 
mechanical to electrical energy. This 


assumption was permissible at the time, 
but Békésy has recently shown that if the 
tectorial membrane is displaced and held 
in its new position the ‘ microphonic ’ 
continues as a DC potential without 
further addition of more mechanical 
energy (9, 10). The total electrical energy 
dissipated in the resulting current flow 
may be much greater than the total 
mechanical energy that was used in 
moving the tectorial membrane and organ 
of Corti. 

Here then is direct evidence of the 
amplifier action that I suggested earlier. 
It is supported by the well-known depen- 
dence of the cochlear microphonic on an 
adequate oxygen supply. (I disregard 
the small, second-order postmortem micro- 
phonics that are probably quite different 
in origin and significance.) 

The first-order microphonic, which may 
amount to about a millivolt, is quite 
closely related to a newly discovered DC 
potential in the cochlea. The endolymph 
in’ the scala media is electrically positive, 
relative to the perilymph in the vestibule 
and the other scalae, by as much as 80 
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millivolts. This startling discovery, made 
by Békésy (5) and confirmed qualitatively 
by Tasaki, offers the possibility of a new 
interpretation of the AC ‘ microphonics.’ 
I suggest that the microphonics are merely 
fluctuations (AC) in a steady flow of 
current (DC) through the hair cells. A 
steady flow, a leakage if you will, through 
the hair cells (and the other cells that 
form the walls of the scala media) seems 
to be inevitable, although the DC resis- 
tance of these cellular walls including 
Reissner’s membrane, is fairly high (5, 11). 
We need only suppose, and here is the 
hub of our working hypothesis, that the 
bending of the hairs causes a change in 
the electrical resistance of the upper ends 
of the hair cells that fill the spaces in the 
dense membrane that forms the inner 
surface of the organ of Corti. (We must 
assume that, in the organ of Corti at least, 
bending in one direction decreases the 
resistance but in the other direction 
increases it. The mechanism of this 
change of resistance may or may not be 
similar to the mechanism involved in the 
classical depolarisation of the surface 
membrane of nerve or muscle.) The 
varying potential drop across this varying 
resistance is the cochlear microphonic. 
‘The resulting fluctuations in current 
flow we then assume to be the stimulus to 
the nerve fibres.’ Note that the fibres 
form basket-like arborisations around the 
lower end of the hair cells, and then run 
through a notably openwork set of fluid- 
filled spaces. We assume that these 
spaces are at the electrical potential of 
scala tympani, not scala media. If so the 
nerve fibres will already be polarised 
cathodally by the steady DC leakage. 
‘The current flow through them merely 
fluctuates but is never reversed, as in ordi- 
nary stimulation of nerve by alternating 
current.’ 

On this hypothesis the source of the 
energy that stimulates the nerve is not 
the original acoustic energy. It is the 
‘metabolic battery,’ wherever it is, that 
maintains the DC potential of the scala 
media. This source we tentatively locate 
in the stria vascularis, the gland-like 
structure, rich in capillaries, that lies 
along the outer wall of the scala media. 
We think of the stria vascularis as some- 
what like the secreting tubules of the 
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kidney, specialised to maintain a la 
DC potential between the scala media op 
one side and the blood stream on the 
other. 

The function of the hair cells’ then 
becomes a valve action, acting by varying 
the electrical resistance of a_ specialised 
membrane in response to mechanical 
movement of the hairs imbedded in jt, 
The analogy, which I cannot resist, js 
not to a piezo-electric crystal but to the 
good old carbon microphone. In that 
sense we can still talk about ‘ cochlear 
microphonics..’ 

Innumerable details of our hypothesis, 
anatomical, electrical and chemical, might 
be discussed at length, but time does not 
allow it here. Many minor facts seem to 
fall naturally into place. Some other 
require additional, but reasonable, hypo- 
theses. As yet no hard facts have appeared 
that make the general idea untenable. 
We think we have a legitimate working 
hypothesis as to how acoustic energy gives 
rise to nerve impulses. 


REFERENCES 


(1) Béxésy, G. von (1951). ‘ The mechanical 
properties of the ear.’ Chapter 27 in the 
Handbook of Experimental Psychology (S. S. 
Stevens, Editor), John Wiley & Sons, Inc., 
New York. 

(2) pE Vries, Hx. (1948). ‘ Brownian move- 
ment and hearing.’ Physica, 14, 48-60. 

(3) Wever, E. G. and Bray, C. W. (1930). The 
nature of acoustic response: ‘ The relation 
between sound frequency and frequency of 
impulses in the auditory nerve.’ 7. Exp. 
Psychol., 13, 373-387. 

(4) Aprian, E. D. (1931). ‘'The microphonic 
action of the cochlea: an interpretation of 
Wever and Bray’s experiments.’ 7. Physiol., 
71, 28-30. 

(5) Béxésy, G. von (1952). ‘Gross localization 
of the place of origin of the cochlear micro- 
phonics.” 7. Acous. Soc. Amer., 24, 399-409. 

(6) Davis, H., Tasaxt, I. and Goxpsren, R. 
(1952). ‘The peripheral origin of activity, 
with reference to the ear.’ Cold Spring Harbor 
Symposia on Quantitative Biology, in press. 

(7) Dersysuire, A. J. and Davis, H. (1935). 
‘ The probable mechanism for stimulation of 
the auditory nerve by the organ of Cort. 
Amer. 7. Physiol., 113, 35. 

(8) Davis, H., FERNANDEZ, C. and McAUuLirre, 
D. R. (1950). ‘The excitatory process mn 
the cochlea.’ Proc. Natl. Acad. Sci., 36, 
580-587. 

(9) Béxésy, Grorce von (1951). Micro- 
phonics produced by touching the coc 
partition with a vibrating electrode.’ j. 
Acous. Soc. Amer., 23, 29-35. 


(10) 
L 
Li 
eX! 
tre 
ne 
th 
is 
in 
ce 
4 
ne 
m 
se 
T 
tc 
0! 
a 
d 
r 
h 
n 
/ 
( 
1 
‘ 


a large 


nedia on 
the 


Ils then 
varying 
eClalised 
chanical 
d in it, 
sist, js 
t to the 
In that 


ochlear 


othesis, 
, might 
loes not 
seem to 

others 
hypo- 
peared 
enable. 
vorking 
'Y gives 


chanical 
the 

(S. S. 
s, Inc., 


move- 


). The 
relation 
ency of 
Exp. 


»phonic 
‘tion of 
Physiol. 


lization 
micro- 
409. 
in, R. 
ctivity, 
Harbor 
1935). 
tion of 
Corti.’ 


JLIFFE, 
ess in 
Micro- 
chlear 


(10) BéKEésy, GerorGE von (1951). ‘ DC potentials 
“and energy balance of the cochlear partition.’ 
. Acous. Soc. Amer., 23, 576-582. 
(if) —— (1951). ‘The coarse pattern of the 
"electrical resistance in the cochlea of the 
guinea pig (electroanatomy of the cochlea).’ 
7. Acous. Soc. Amer., 23, 18-28. 


Licht QuANTA INTO NERVE IMPULSES 
by 
M. H. Pirenne 


LicuT falling into the eye causes nervous 
excitation in the retina. The optic nerve 
transmits this excitation to the central 
nervous system. It is generally accepted 
that the first step in this chain of reactions 
is a photochemical reaction taking place 
in the retinal receptors. 


Rods and Cones (1) 


The retinal receptors are specialised 
cells, the rods and cones. They form the 
most peripheral outposts of the visual 
nervous system. The rods and cones 
make connections with complicated 
second-order neurons, the dipolar cells. 
These cells in turn transmit the excitation 
to the retinal ganglion cells. The fibres 
of the ganglion cells run on the surface 
of the retina, next to the vitreous humour, 
and pass out of the eye through the optic 
disc to form the optic nerve. In order to 
reach the rods and cones, the light, which 
has entered the eye through the pupil, 
must pass through the above-mentioned 
retinal elements. The retina accordingly 
has been likened to a carpet placed upside 
down on the floor of the room, the pile 
, of the carpet constituted by the layer of 
rods and cones. ‘The ‘ room,’ that is the 
eyeball, is filled with watery fluid, which 
explains why the ‘ carpet,’ whose elements 
are generally transparent, places little 
obstacle in the path of the light. The 
retina contains these complicated nervous 
structures as well as others which it would 
take too long to discuss here, yet its total 
thickness is little greater than that of a 
sheet of paper. 

A rod consists of an elongated cylinder 
which extends into a thin fibre. Part of 
the fibre is expanded into a swelling 
containing the cell nucleus. The fibre 
ends in a small end bulb which makes 
contact with the dipolar cells. The 
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cylinder faces the wall of the eyeball. 
Its outer limb, which in man is about 2 
in diameter and 30y in length, contains 
a photosensitive substance, visual purple. 
Part of the light incident on the retina is 
absorbed by the visual purple contained 
in the rods, thus causing some physico- 
chemical change in this substance. It is 
this change which eventually must lead 
to nervous excitation of the rod cell, this 
excitation being then propagated via the 
end bulb to more central parts of the 
nervous system. 

The cones have a different shape from 
the rods. As suggested by their name, 
their outer segment is generally conical. 
The photo-chemistry of the cones is 
probably more complicated than that of 
the rods, whilst our knowledge of it is 
much more uncertain. It is generally 
supposed that their stimulation occurs in 
a similar way to that of the rods, light 
being absorbed by and acting upon a 
sensitive substance present in the cone 
outer segment. 

The central part of the human retina, 
the fovea, contains cones only. It gives 
accurate vision in daylight. ‘ Looking at 
an object’ consists of moving the eye, by 
reflex action, in such a way that the retinal 
image of the object is made to fall on to 
the fovea. Now, whereas the fovea is 
the most accurate part of the retina, it is 
not the most sensitive in terms of light 
energy. If we want to measure the 
minimum amount of light necessary for 
vision, we must use the periphery of the 
retina. This region contains both cones 
and rods, the rods being more numerous 
than the cones. The retinal periphery is 
mostly used at night, night vision as a 
rule being blurred and colourless. At the 
low intensities which usually prevail at 
night, the rods, which are the more 
sensitive retinal receptors, are generally 
the only ones still functioning. There is 
not enough light to stimulate the cones, 


and the fovea consequently is blind under. 


such conditions. 


Minimum Energy Necessary for Vision 


The above details may be useful in 
understanding the method whereby the 
limit of sensitivity of the eye is measured (2). 
The human subject of the experiment sits 
in a dark room. First, in order to reach 


3 

ad 

= 


Energy into Nerve Impulses 


maximum sensitivity, he waits there for 
about three quarters of an hour. Then he 
fixes his gaze on a small red source of 
light, the ‘ fixation point,’ which is bright 
enough to be easily seen by direct, 
foveal, vision. A little test field placed 
at an angle of 20° from the fixation point 
is then illuminated in a flash lasting a 
thousandth of a second with light of 
wave-length 0-5lu. This is the radiation 
to which the rods are most sensitive. If 
this light flash is strong enough, the subject 
sees it ‘ out of the corner of his eye.’ The 
experiment is repeated for various energy 
contents of the flash. There is no sharp 
limit to the intensity of the flash which 
can be seen, but in any case it is possible 
to determine how much light energy must 
strike the eye in order that a given subject 
sees the flash, for instance, in about 
60 per cent. of the trials. 

There are many points of physical, 
physiological and psychological interest 
which should be dealt with in connection 
with these experiments but which cannot 
be discussed here (1, 2, 3). It will have 
been noted that each time the subject 
fixes his gaze on the red point, he brings 
his eye into nearly the same position. The 
flash therefore always falls into nearly the 
same region of the peripheral retina. This 
is of importance for keeping constant the 
physiological conditions of the experiment. 

For seven subjects the measurements 
thus obtained (2) ranged between 2:1 
and 5-7 x 10°18 erg. These values are 
close to the values found in other critical 
investigations. Each particular value 
represents the amount of light energy of 
A’ = 0-5lp which must strike the cornea of 
the eye in order that the subject investi- 
gated sees the flash in 60 per cent. of the 
trials. The above are very small amounts 
ofenergy. It is easy to see that the energy 
required to lift a pea one inch should be 
sufficient to show such a weak flash of 
light to all the men who ever lived. These 
values of the absolute threshold of vision 
acquire their real significance in the light 
of the quantum theory of radiation. 


Light Quanta and the Retina 


According to modern physics, as is 
universally known, light can be absorbed 
by matter only in finite ‘ packets ’ which 
are called quanta. The least quantity of 


light which can be absorbed, for instance 
by a rod, is therefore one light-quantum, 
For 4 = 0-5ly the energy of the quan. 
tum is about 4 x 10°! erg. The visual 
threshold energy, measured at the cornea, 
therefore corresponds to approximately 
100 quanta. The actual stimulus acting 
directly on the retina is much smaller 
than this. 

Some of the light striking the cornea is 
reflected away and does not even enter the 
eye. A more important proportion of it is 
lost in passing through the eye media, from 
the cornea to the retina. Finally the 
layer of visual purple in the rods probably 
does not absorb more than a fraction of the 
order of one-tenth of the light having 
reached it. The rest, nine-tenths of the 
incident light, simply passes through the 
rods and is absorbed by the black pigment 
lining the eyeball. As a result of all this, 
only a few out of the initial 100 quanta 
or so can be absorbed by the retinal rods 
at the threshold of vision (1, 2). It can 
be demonstrated, on other grounds, that 
one quantum absorbed is not. enough 
for vision (4). The number absorbed is 
therefore at least two. There are reasons 
to suppose that it is greater than two, but 
it is unlikely to be more than ten (5). 

The exact number does not particularly 
concern us here. What is of interest is 
that the retinal region stimulated by this 
small number of quanta contains several 
hundreds, or even thousands, of rods. It 
follows that the quanta absorbed by the 
retina will almost always be absorbed in 
different rods. The number of rods is so 
much greater than the number of quanta 
(the absorption of which occurs at 
random) that it is very unlikely that two 
quanta will be absorbed in the same rod. 
It seems certain therefore that a rod cell 
can become excited when it has absorbed 
one single light-quantum (2). 

Whereas one rod cell can react to one 
quantum, the organism requires more than 
one quantum to give a visual response. 
To enable a human subject to see a light 
flash, a few neighbouring rods must be 
excited (2). The stimulations produced 
in the various rods then must become 
summated via dipolar cells or other 
nervous structures of the retina. 

The fact remains that one rod can be 
excited by a single quantum, even though 
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one quantum cannot be ‘seen.’ Now 
fractions of quanta cannot be absorbed 
by matter, and light which is not absorbed 
cannot exert any photochemical action. 
The sensitivity of the rods therefore 
reaches the absolute physical limit set by 
quantum theory. Further, one quantum 
isabsorbed by a single molecule only and 
reacts with this one molecule only. The 
limit set by molecular theory is therefore 
reached as well. In each rod there must 
bea trigger mechanism which can amplify 
this one-molecule disturbance into nervous 
excitation consisting probably of some 
kind of membrane depolarisation. We 
do not yet know how this remarkable 
phenomenon takes place. As we have 
sen, however, excitation from a few rods 
is relayed to other nerve cells and these 
make connection with optic nerve fibres. 
In the optic fibres impulses are propagated 
in the ordinary way. 


Sensitivity and Accuracy of the Retina at High 
Intensities (6) 

The threshold of visibility of large 
continuously-exposed fields is of the order 
of 10°* candle per square metre. A very 
dark overcast night sky gives an idea of 
such a field near threshold visibility. 
When the field can just be seen, its retinal 
image receives extremely little light 
energy. It can be calculated (approxi- 
mately) that on the average only one 
quantum is absorbed every 0-1 second 
per 100,000 rods. (One-tenth of a second 
is roughly equal to the time during which 
the retina can summate the action of 
light.) Physical fluctuations give to some 
parts of the retina more, to others less, 
than this average. The above figure 
shows that, in order to make every rod 
absorb about 10 quanta every 0-1 second, 
we must use intensities equal to about 
| million times the threshold intensity for 
a large field. The same applies to the 
central cones if these cones absorb as 
much light as the rods ; if the absorption 
is less, they will need more light still. 
Single cone units therefore cannot be 
active at intensities below 0-1 or 0-01 
candle per square metre simply because 
at such intensities they generally absorb 
no light at all. (Daylight intensities are 
of the order of 1 candle per square metre 
or greater.) 
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Thus quantum phenomena probably 
play as important a part in cone as in rod 
vision. It can be shown, for instance, 
that in the range from threshold to about 
10° threshold intensity, the finest details 
just visible at each intensity are almost as 
fine as they could possibly be in terms of 
the amount of light absorbed by the rods 
or cones. Visual acuity and _ retinal 
sensitivity in this range are linked together, 
reaching almost to the natural limit set 
by the quantum properties of light. 
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In this paper reference should have been made 
to HI de Vries (Physica, 10, 553, 1943) who made 
calculations according to which the critical number 
of quanta absorbed is small even when acuity is 
about unity. De Vries’s theory however differs 
from that outlined in the above paper, particularly 
because it assumes that a single quantum ab- 
sorbed by the retina is enough to cause a visual 
perception. 


Tue INITIATION OF IMPULSES AT SOME 
SENSORY ENDINGS 


by 
Dr. J. A. B. Gray 


THE subject of my contribution is the 
initiation of impulses in mechanically 
excited sensory receptors. The sense 
endings to which I refer are those minute 
structures scattered throughout the skin 
and other tissues, which, responding to 
mechanical stimuli, inform our nervous 
system of such things as touch, pressure, 
position and movement. I will try to say 
something of the conditions that must be 
fulfilled in order to excite an impulse, the 
processes that occur before the impulse 
is actually initiated, and finally I will 
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consider very briefly the question of how a 
mechanical stimulus sets off this train of 
events. 

Since Adrian made his classical ob- 
servations in the late twenties it has 
been well known that a sensory receptor 
sends its information to the central 
nervous system by means of discrete 
impulses which do not vary in size but do 
vary in frequency and number. Adrian 
and Zotterman showed that some sense 
endings, which they called slowly adapting, 
give rise to a long discharge of impulses 
during a maintained pressure, whereas 
others, described as rapidly adapting, only 
excite a few impulses when the pressure 
starts and a few more when it ends. 

Let us consider the conditions necessary 
for the excitation of a single impulse at a 
sensory ending. A certain minimum 
amount of energy is required, but it is on 
the whole more useful to consider the 
compression or extension of the receptor 
rather than the energy required to bring 
this about. But, besides the final dis- 
placement, it is also necessary to consider 
the velocity of the stimulus, and methods 
have been developed which enable the 
displacement and velocity of a stimulus to 
be controlled and determined with a fair 
degree of accuracy. An instrument de- 
signed for this purpose has been used to 
stimulate single receptors. 

In some experiments we used as the 
receptor a single sense ending, called 
a corpuscle of Pacini, which had been 
dissected out of the mesentery of a cat.! 
This receptor is exceptionally large, being 
about 1 mm. long and } mm. wide (as 
compared with touch receptors in the 
human skin which are only 0-06 mm. long 
and 0-04 mm. wide). ‘Two wires on the 
Pacinian corpuscle were used to record 
changes in potential and to administer elec- 
trical stimuli, and a mechanical stimulator 
capable of moving for known distances at 
known velocities was connected with the 
corpuscle by a rod. Malcolm and I found 
that the minimum movement required to 
excite one nerve impulse from a Pacinian 
corpuscle is less than half a micron, that is 


_ 1 These corpuscles, although found in other sites 
in many species, do not appear to be found in the 
mesenteries of other animals. It would be inter- 
esting to know whether their occurrence in the 
mesentery of the cat is unique and if so whether 
this has any significance. 


half of a thousandth of a millimetre, o 
about the wave-length of light waves. With 
the Pacinian corpuscle and some other re. 
ceptors there is, however, another condition 
which must be fulfilled before an impul 
is excited, and that is that the velocity of 
the movement must be above a minimum, 
For the Pacinian corpuscle Peter Matthews 
and I found that a just threshold move. 
ment must be complete in about one. 
thousandth of a second. This sounds a 
short time but it must be realised that the 
absolute velocity is small ; only 4 mm. /sec, 

The Pacinian corpuscle is a rapidly 
adapting receptor, responding with only 
a few impulses to long steady pressures, 
so that such a result might be expected, 
This is not true of some receptors which 
respond continuously to a maintained 
pressure. Landgren has shown that it is 
possible to excite impulses from receptors 
which lie in artery walls and signal the 
level of blood pressure, however slowly 
the pressure rises to its final value. 

Sensory receptors can excite impulses at 
relatively high frequencies. For instance, 
Matthews found that slowly adapting 
receptors in cat’s muscle could respond to 
a very strong, steady stretch with a train 
of impulses having a frequency up to 
500/sec. Even higher frequencies can be 
attained if a Pacinian corpuscle is excited 
repetitively with short pulses. I have 
seen one preparation respond at a fre- 
quency of 1000/sec. This limit is set by 
the interval that is required for the ending 
to recover after transmitting an impulse, 
and it has been found that this interval is 
of the same order of magnitude as that 
required by a nerve fibre to recover from 
the passage of an impulse. 

We have seen that some sensory recep- 
tors set up impulses after very small 
deformations and can initiate them at 
high frequencies. The next question to 
consider is what processes go on in the 
receptor in the time between the stimulus 
and the start of the impulse. This time 
is, in fact, quite appreciable. In the 
Pacinian corpuscle, with a stimulus which 
is only just large enough to excite, this 
delay is about 1} thousandths of a second, 
but the interval gets smaller as the stimulus 
gets bigger, until a minimum interval of 
about half a thousandth of a second 1s 
reached. 
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Now what is going on during this 
interval ? It can be shown that something 
in the sensory ending starts to change 
immediately after the beginning of the 
stimulus and goes on changing until 
conditions in the ending are such that an 
impulse is initiated. In the Pacinian 
corpuscle this has been shown by testing 
the excitability of the ending with a short 
electrical shock, which normally excites 
an impulse with very little delay. When 
the Pacinian corpuscle was given a small, 
short, mechanical push—too small in 
itself to excite an impulse—and an 
electrical shock was given shortly after, it 
was found that a smaller shock than 
normal would excite an impulse. The 
size of the electrical shock just necessary 
to excite an impulse was then measured at 
various time intervals after the small 
mechanical push. The result showed 
that the size of the electrical stimulus 
required got less and less during the first 
1} thousandths of a second and then, as 
the interval got longer, got greater again. 
In other words, the excitability of the 
ending first increased and then decreased. 
A mechanical stimulus just large enough to 
excite on its own was then given and it 
was found that an impulse occurred at 
the time at which the excitability was 
maximal. Thus the excitability of the 
ending gradually increases until it is 
sufficient to fire off an impulse. Recently 
Alvarez-Buylla and Ramirez de Arellano 
have observed a potential change, beside 
the impulse, occurring in Pacinian cor- 
puscles. They could only record this 
change from the ending, unlike the 
impulse which could be recorded from 
any part of the nerve. With stimuli too 
small to excite an impulse, they were still 
able to observe the local potential change ; 
this increased in size as the stimulus 
strength increased and at threshold an 
impulse appeared on top of the local 
potential. It seems almost certain that 
this potential change is the cause of the 
excitability changes I have just described, 
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and also the immediate cause of the 
impulse. 

The first record of a potential change of 
this kind was, however, made by Katz. 
Working with a stretch receptor in a frog’s 
muscle, he was able to record, from this 
slowly adapting ending, the potential 
change that occurred during a steady 
stretch. 

Finally there is the question of how a 
mechanical stimulus can set up this local 
potential change. It has long been 
known that large mechanical stimuli can 
stimulate nerve, but the size of these 
stimuli is much greater than that required 
to excite a sensory receptor. Ritchie and 
I have recently been trying to stimulate 
single nerve fibres by stretching them 
very rapidly while they are under varying 
degrees of tension. We have not been 
able to excite impulses. This does not 
mean that other types of stimulus, say 
lateral compression instead of extension, 
might not be effective ; nor does it mean 
that other types of nerve would behave 
similarly. It does mean that.so far there 
is no direct evidence that a nerve fibre is 
capable of reacting to mechanical stimuli 
like a sensory receptor. On the other 
hand, there is some evidence of specialisa- 
tion at the endings of sensory nerve fibres, 
because they appear to be excited by a 
drug, acetylcholine, which does not excite 
other parts of these nerve fibres. 

I have endeavoured to describe to you 
some of the things that must happen if an 
impulse is to be set up by a sensory nerve 
ending and some of the things that 
happen while the impulse is being 
initiated. I have said practically nothing 
about how the mechanical energy sets 
up the local potential change that is 
the immediate precurser of the impulse. 
The reason I have said little is because 
there is at present little to say, but this 
is clearly the fundamental step in the 
initiation of the impulse and it is to be 
hoped that our knowledge of it will soon 
increase. 
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LABORATORY TECHNIQUES APPLIED TO 
ARCHAEOLOGY 


REPORT OF A SYMPOSIUM 


At the Edinburgh meeting of the Association one session of Section H was devoted to 
a symposium on ‘ Ancillary aids to Archaeology,’ a summary of which was published 
in The Advancement of Science, No. 33 (June 1952), 31-38. The session at Edinburgh was 
so successful that the Committee of Section H decided to stage a similar symposium 
at Belfast on the morning of September 4, 1952, describing certain further facets 
of the help which other scientific disciplines can provide for archaeological research. 
Mr. G. F. Mitchell, of Trinity College, Dublin, discussed the evidence afforded by the 
study of macroscopic and microscopic plant-fossils associated with prehistoric occupation- 
sites ; Mr. E. M. Jope, of Queen’s University, Belfast, described the value of petrological 
identifications, not only in prehistory for locating the sources of stone tools, but also in 
historic periods, in elucidating the trade in building-materials ; and Mr. L. Biek, 
Ministry of Works, dealt with some examples of useful collaboration between research 
workers on materials and conservators of antiquities and ancient monuments. Synopses 


of the three papers are here printed. They have been edited by Dr. D. B. Harden. 


VEGETATIONAL ENVIRONMENTAL STUDIES 
by 
G. F. Mitchell 


Over fifty years have passed since Clement 
Reid (Reid, 1899) published his Origin of 
the British Flora, and nearly twenty-five 
years since Erdtman introduced the tech- 
nique of pollen-analysis to the British Isles 
(Erdtman, 1928). As an identifier of fossil 
seeds Reid has not since been equalled, 
and it is extremely unfortunate that many 
of his detailed lists of plant fossils are 
almost worthless to-day because of the 
vagueness of their stratigraphic location— 
‘ Neolithic ’ is no longer an adequate label. 
The last twenty-five years have seen 
pollen-analysis develop from a _ crude 
counting of a limited number of the tree- 
pollens contained in samples taken at a 
wide vertical interval to the new science 
of ‘ palynology,’ based on the interpreta- 
tion of detailed studies of a large number 
of all the pollen-grains contained in 
samples taken at a vertical interval that 
may be as little as one centimetre. 

The chief advance has been in the 
insistence of precision at all stages. In 


collecting material stratigraphy must be 
carefully recorded, and contamination 
must be avoided by cleanliness of almost 
surgical standard. In the laboratory the 
material must be kept wet and free from 
moulds while awaiting examination. The 
examination itself has been aided by 
improved microscopy. Binocular low- 
power microscopes have revolutionised 
the examination of seeds, while pollen- 
grains are now studied just as excitedly 
as Victorian microscopists studied diatoms. 
Binocular microscopes with apochromatic 
lenses and oil-immersion objectives of 
high numerical aperture are enabling 
diagnostic features to be more readily 
studied (Faegri & Iversen, 1950), and 
the variety of pollens identified is growing 
steadily. Identification has been further 
aided by consultation between a growing 
number of workers, whose publications 
are increasing the number of illustrations 
available (Erdtman, 1943, Beijerinck, 
1947). 

Recent years have seen not only changes 
in method, but also changes in interpre- 
tation. Twenty-five years ago it was 
confidently predicted that examination of 
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the pollen in even a small sample of peat 
associated with a bronze spearhead would 
enable the latter to be adequately dated. 
To-day it is realised that while the pollen- 
count will throw much light on the type 
of vegetation in the vicinity of the dis- 
covery, it will not, except in most favour- 
able circumstances, be of much value 
for dating purposes, because already by 
Bronze Age time prehistoric agriculture 
had greatly modified the primeval wood- 
lands. Radio - carbon determination 
(Libby, 1952) has replaced pollen-analysis 
as the elixir from which archaeologists 
hope to quaff heady draughts of dates. 
With Mesolithic sites pollen counts can 
still provide relative datings, and these 
have indeed grown more precise. In this 
early part of postglacial time two factors 
are favourable ; first, new trees were 
continuing to arrive and to alter the com- 
position of the woodlands, thus producing 
significant changes in the pollen-grain 
trapped by lakes and bogs, and second, 
Mesolithic man, ignorant of agriculture 
and of animal husbandry, was content to 
be confined by the forests to the margins of 
sea, lake and river. 

The first farmers, Neolithic or metal-less 
Bronze-Age folk, immediately began an 
attack on the woodlands, whose composi- 
tion was no longer being significantly 
altered by the arrival of immigrating trees. 
Not only was the human attack selective, 
but some of the trees could more easily 
survive than others in scrub and hedgerow, 
and it soon becomes almost impossible to 
establish changes in pollen values that 
can be traced over considerable distances. 
The presence of pollens of cereals and of 
weeds of cultivation makes it clear that 


the replacement of forest by arable fields 


was the chief cause of the disturbance. In 
some cases it is possible to demonstrate 
the exhaustion of the soil in the tillage 
plots. Leaching would bring about an 
increase of acidity in the upper layers of 
the soil, and birch and heather could 
gradually establish themselves. It is be- 
lieved that many of the extensive heaths 
in Jutland originated in this way, and 
pollen studies make it possible to demon- 
strate the process in Ireland. 

There is one relatively late pollen 
change that can be traced throughout 
north-west Europe, a significant fall in 
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the amount of Elm pollen reaching the 
deposits, at or a little below the level at 
which pollen of that clear indicator of the 
disturbance of natural vegetation by man, 
Plantain or Ribwort (Plantago lanceolata), 
makes its first appearance (Iversen, 1941). 
In Norway, where to this day Elm bark 
and branches are used as fodder for live- 
stock, it is claimed that this early fall is 
itself due to the initiation of the practice. 
In the British Isles it is held that the fall 
clearly precedes evidence of human activ- 
ity, and is therefore independent of it. 
Whatever may be the underlying cause of 
the fall, it is the last change in tree-pollen 
values that can be widely used for dating 
purposes. In Ireland in the parts of the 
country that were not frequented by early 
man, Elm again fluctuates in a curious 
way at a much later date. These move- 
ments cannot be traced in the areas that 
were settled in prehistoric times, and their 
value has not yet been satisfactorily 
assessed. 

Early efforts to use bog structure for 
dating purposes paid great attention to 
changes in stratigraphy of the type of bog 
that is largely built up of Sphagnum-peat, 
and essentially dependent on rainfall for 
its supply of water. It was claimed that 
marked horizons of change where bog- 
growth had been suddenly renewed (re- 
currence-surfaces or Grenz-horizonts) could 
be traced over wide areas, and that one 
such surface which in Denmark was satis- 
factorily dated to about 500 B.c. could also 
be traced in the British Isles. But when it 
was realised how tremendous was the influ- 
ence of clearance by man on the native 
woodlands, it became obvious that the evi- 
dence which suggested that this recurrence- 
surface could be traced from bog to bog was 
much less satisfactory than had hitherto 
been supposed. It can now be seen that 
at least two such surfaces are involved, one 
lying at about 500 B.c., and the other at 
about a.p. 400, while there may be a 
third still earlier one at about 1200 B.c. 
(Clapham & Godwin, 1948). It is hoped 
that the results of the radio-carbon exami- 
nation of samples of peat from these 
different surfaces will soon be available. 

The study of macroscopic fossils can also 
give valuable insight into some of the 
activities of prehistoric man. Though 
wood is often well preserved, counts of 
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tree-rings have been disappointing in the 
British Isles where the growth season is 
long and rainfall is distributed over the 
whole year. Identification of woods has 
shown that the timber of all the native 
trees was used in one way or another. If 
large samples of charcoal from sites of 
different age were adequately identified 
and counted, valuable information which 
could be considered in parallel with the 
pollen counts would be forthcoming. 
Examination of seeds and fruits shows 
that blackberries, elderberries, hazel-nuts, 
raspberries and strawberries were col- 
lected, and that barley, oats, wheat and 
flax were cultivated (Jessen & Helbaek, 
1944). In modern fields certain weeds are 
often associated with a particular crop ; 
in Iron Age time Corn Spurry was a 
common weed of flax fields. One sample 
from a tenth century A.D. site in Co. 
Antrim yielded remains both of Flax and 
of Corn Spurry, yet we cannot be positive 
that in this case the Corn Spurry was a 
weed, for early man cultivated and ate 
many plants that are no longer used for 
food, and the Corn Spurry was one of 
these. Pale Persicaria, White Goosefoot 
and Black Bindweed are also known to 
have been cultivated on the continent 
(Brandt, 1950), and the presence of their 
seeds in Ireland at sites of human habita- 
tion may indicate that they were cultivated 
in Ireland also. It may yet be possible to 
identify certain ‘ weeds’ as the constant 
associates of certain population-groups, 
and thus to utilise certain seeds as ‘ index- 
fossils ’ for certain cultures. 

The detailed application of these varied 
techniques is still only in its infancy in the 
British Isles, and still more valuable results 
may be expected when study of the 
vegetational environment of prehistoric 
man has been carried still further. 
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History, ARCHAEOLOGY AND PETROLOGY 
by 
E. M. Jope 

Durinc the past 15 years the value of 
petrological examinations, especially of 
stone axes, has become fully appreciated 
by prehistorians. Stone implement fac- 
tory sites of the Neolithic and Early Bronze 
Ages are now known in widely separated 
parts of the British Isles, and the petro- 
logically-determined distribution of their 
products is revealing wide and _ often 
unsuspected contacts, providing a new 
background against which to set the 
prehistory of these periods. ‘This is illus- 
trated by the distribution of porcellanite 
axes from the factory sites of Co. Antrim. 
The Stone-Axe Sub-Committee of the 
South-Western Group of Museums has led 
the way in this work, and has published 
three reports (1). A balanced 
pattern over the whole of Britain is now 
emerging as studies appear from other 
areas (2). 

Petrological examinations of later stone 
implements have also been carried out in 
numerous isolated instances, and as this 
information is brought together we shall 
increase our understanding of early trade. 
Thus, querns of Pennine Millstone Grit 
were in widespread use in Roman Britain 
(found as far south as Cassington near 
Oxford), and in Saxon and Medieval 
times, as also were those of lava imported 
from the Rhineland. Hones of micaceous 
schist were used extensively in Saxon and 
Medieval Britain, brought from Brittany, 
the Rhineland, Anglesey or Scotland (3), 
and those of fine-grained sandstone from 
the English midlands were also traded (4). 

Much less systematic study has, how- 


ever, been devoted to the petrology of 


building materials. Though the subject 
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has often interested geologists, few have 
made a detailed study of a particular 
region, or period, and economic historians 
have been slow to appreciate the possi- 
bilities of such work. Some valuable 
studies are already available (5), notably 
Dr. W. J. Arkell’s Oxford Stone (1947), but 
architectural and economic historians and 
petrologists have usually pursued separate 
and rarely touching courses (6). It is 
even unusual to find an account of an 
historic building accompanied by a satis- 
factory account of the building materials 
used. Studies on later buildings are rare 
indeed (7), but some are progressing on 
the Roman period, as on Purbeck marble 
in Britain (8), and, further afield, marbles 
used in the Mediterranean area are being 
studied at the British School in Rome (9). 

The progress of these studies is largely 
determined by the rate at which reliable 
petrological examinations may be achieved 
and without which the work is usually 
valueless. Some materials can, however, 
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be recognised macroscopically if due care 
is taken and contact maintained with 
adequate petrology. Studies of this nature 
carried out recently on medieval buildings 
reveal the potentialities of such work, and 
should provide encouragement to petro- 
logists that time spent in the detailed 
examination of numerous specimens of 
building stone can yield most profitable 
results. Thus, granite, derived from five 
outcrops, became popular in the extensive 
rebuildings of Cornish and Devon churches 
in the fifteenth and sixteenth centuries. 
It appears most strikingly in the arcades 
of monolith piers, often 7 or 8 feet high 
and weighing 5 tons or more, which have 
now been observed in over 200 churches, 
sometimes more than 20 miles from the 
granite outcrops (Fig. 1). Land transport 
of these large granite blocks is implied, in 
some documented instances, by cart (10). 
Granite was even used in churches on the 
south coast of Devon where it had to be 
carried 20 miles overland, in an area easily 
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supplied by sea with excellent and widely 
used stone from the Beer quarries along 
the coast in East Devon. 

Over 250 medieval buildings have 
recently been examined in the Oxford 
region, to extend our knowledge of the 
sources and distribution of building stone, 
which from documentary evidence alone 
is very patchy. Throughout the region 
up to the late thirteenth century prac- 
tically no records exist, and this is so in 
some areas, such as North-west Berkshire, 
for the whole period up to the seventeenth 
century or later. Our knowledge must 
thus be derived from the buildings them- 
selves. ‘This work has shown more clearly 
the development of the building trade (11), 
defining the sphere of distribution of the 
fine stones from quarries in the Great 
Oolite (that at Taynton is mentioned in 
the Domesday Survey of 1086), and 
revealing that the Corallian quarries, 
such as those round . Wheatley, first 
recorded in the 1280’s (12), were being 
extensively worked for at least two cen- 
turies previously, supplying Oxford and 
the country to the east. It has further 
shown, what was hitherto unsuspected, 
that the local Portland Beds were being 
drawn upon for much fine Saxon and 
Norman work in the clay lands north-east 
of Oxford, as at Wing (tenth century) and 
Twyford and Stukeley (twelfth century), 
the latter one of the most complete 
Norman churches in England. 

Excavated and documentary evidence 
both show that blue slate, occurring in the 
older rocks of western Britain, was being 
used for roofing during the Middle Ages 
in a wide area of southern England (13). 
It came from Devon and Cornwall by the 
well established coastwise trading to the 
south coast ports (as far east as Dover) 
and thence to their hinterland. From 
North Devon and Cornwall and from 
Pembrokeshire it came to the Bristol 
Channel ports and thence inland also. 
It gave light roofs, for it could be split 
much thinner than most locally available 
flaggy beds, and was worth transporting 
on this account—so Carew thought in the 
late sixteenth century. Blue slates from 
North Wales were used in Chester and the 
north-west midlands in the Middle Ages, 
and by the sixteenth century were being 
exported to Irish ports. 
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Purbeck marble was widely used, esp. 
cially for carved work, in the Midd 
Ages, but no serious attempt has yet ber, 
made to record all known examples anj 
to map its distribution at different period 
Until this work, now in progress, is mor 
complete, the fluctuations in the fortung 
of the marblers and their influence jy 
spreading new styles in sculpture (14)~ 
much work was certainly carved 4 
quarry—must remain ill-defined. 

Little serious study has been given ty 
foreign stones used in medieval Britain, 
Documentary evidence shows that North 
French limestones, such as Caen, were 
used considerably (15), and it is always 
assumed that this is particularly so in 
areas with easy access to navigable 
waterways, but no systematic study of 
such stones has been attempted, partly 
because the petrology of these French 
limestones remains largely uncharted, 
Limestones from the Jurassic (English, 
French, or both) were used in Cornwall 
and Devon, for instance, and even in 
Ireland, and their precise identification 
remains an almost virgin field. 

In all this work on building stones of the 
Middle Ages and later periods it must be 
emphasised that it is the simultaneous 
pursuit of documentary evidence and 
study of the buildings and stones them- 
selves which leads to the greatest expan- 
sion of our knowledge. Architectural and 
economic historians, archaeologists, and 
petrologists have for too long worked in 
isolation in this field, and the time has 
come for a greater mutual appreciation 
and a wider approach. 

It is worth stressing, finally, that a full 
understanding of the variety of stones used 
in an historic building is of the utmost 
importance as basic information for those 
responsible for their maintenance, if they 
are to be preserved as they were intended 
to appear by their original designers. 
The various stones were often specified 
by the designers in greatest detail, to 
fulfil particular functions (16), and indis- 
criminate uniform replacement with, say 
Clipsham, however good its weathering 
qualities, deadens the character of a 
building, often beyond reclaim. ‘This 
insensitivity to materials, savouring as 
they do of building and craftsmen, rather 
than of the drawing-board, is perhaps 
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a legacy of the divorce of building 
design from the master-masons and the 

wth of modern architectural practice, 
starting in the seventeenth century. Never- 
theless it is an important aspect of archi- 
tectural aesthetics, and has often been 

vely neglected in the past, as many 
historic buildings bear witness, particu- 
larly in Oxford, where the subtle variety 
of stones available locally makes the 
buildings most susceptible to insensitive 
restoration. 
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ANTIQUITIES, ANCIENT MONUMENTS AND 
RESEARCH ON MATERIALS 


by 
L. Biek 


ARCHAEOLOGICAL finds and ancient monu- 
ments are the products of ancient industry. 
Their condition provides evidence which 
differs from what scientific research ex- 
posure stations are looking for to-day only 
by a few centuries and by the absence of 
a control. Much more may be gained, 
therefore, from systematic collaboration 
between archaeologists and other scientists 
than is generally realised. Although prin- 
cipally of interest to scientists working on 
the deterioration of materials, archaeo- 
logical finds may frequently assist ‘pure’ 
botanists, for example, or geologists or 
zoologists. The value of pollen analysis 
is reciprocal in this way ; the products of 
metallic corrosion can throw some light 
on the formation of minerals; and a 
beetle recently excavated at Stanwick, 
Yorkshire, together with remains of the first 
century A.D., is of a type now only known 
in the south (1). Some work of this kind 
has recently been carried out by the Ancient 
Monuments Laboratory with the help of 
several research laboratories of the D.S.I.R. 

Its advantages to archaeologists are 
obvious. Scientific advice and control is 
immensely valuable at all stages. It helps 
field archaeologists by correlating the 
conditions of finds with their environment. 
Allowing for difference in soil, the ap- 
pearance of metallic articles, bones, and 
even the foundations of buildings, fre- 
quently holds a clue to some aspect of 
their manufacture and history. Further 
valuable evidence, all too frequently lost, 
is brought to light by the analysis of finds 
before, during and after the process of 
cleaning (2), which in itself is aided by a 
knowledge of modern methods, as is, of 
course, the ultimate task of preserva- 
tion (3). Last, but by no means least, is 
the important problem of returning a 
find as far as possible to its original con- 
dition, revealing all possible details of 
decoration, colour, texture and shape 
without destroying any. Although inti- 
mately linked with questions of better 
preservation and specialised information, 
this aspect stands in its own right also, by 
its value in general education. 
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Thus it is useful to note the various dis- 
guises in which iron may be found, together 
with the frequently most non-ironlike ap- 
pearance produced when it has been made 
todrop them. Again, traces of suspension- 
fibre were found attached to the small 
rings on a Jutish scale-pan from Buckland, 
Dover, and these were in a condition 
permitting them to be identified as bast 
fibres, probably flax (4). Further, the 
examination, after cleaning, of a fragment 
of Roman bronze mail from Richborough 
revealed, on the closed rings only, certain 
markings which were shown to have been 
made by a punch, and thus led to the 
discovery that these closed rings had in 
fact been stamped from metal sheet (5). 
To take another example: in the thirteenth- 
century castle at Framlingham, Suffolk, a 
number of cylindrical cavities were dis- 
covered. The mortar in the masonry bore 
imprints of woody grain, but no woody 
material was found, apart from a very 
small piece of oak which was all that re- 
mained in one cavity of a bonding timber 
originally 15 feet long and 1 foot in 
diameter. 

On the other hand, many points of 
purely scientific value were raised in 
connection with these discoveries. The 
appearance of the fracture on rings from 
the Richborough mail and the Dover 
scales, apart from the metallurgical in- 
terest, suggested that some ageing factor, 
as distinct from corrosion, may be 
operative under certain conditions. The 
survival of traces of suspension-fibre may 
possibly have been aided by, the presence 
of corrosion products. The piece of wood 
from Framlingham showed signs of at- 
tack by dry rot on one side only, whilst 
the other side had evidently suffered 
from soft rot, a condition only recently 
recognised (6). 

Too many factors are unknown or 
uncertain to make such pieces of evidence 
of value in themselves. But if they are 
made available, they will, in time, 
produce a clear picture. In one isolated 
case (7), however, it was possible to make 
some immediate progress. Large quan- 
tities of ancient leather and wood, and a 
number of iron objects, all found in an 
unusual state of preservation recently at 
Hungate in York, suggested a study of the 
soil and, in particular, of the blue, grey 


and black, but never rusty, deposits op 
the iron objects. Sulphate-reducing bap. 
teria were present in the soil, but no 
active, despite favourable anaerobic cop. 
ditions and sulphate content, and no irop 
sulphide was found. The soil was up. 
usually rich in phosphate and tannate and 
both were present in corrosion-product, 
phosphate in blue and tannate in blac 
areas. In the laboratory, this species of 
bacteria stopped multiplying, though they 
were not killed, when more than 0-5 
cent. of soil associated with a leather find 
was added to the culture. An equivalent 
aqueous extract of such a leather scrap, 
or pure tannate solution, had a similar 
effect. The latter’s action, bactericidal 
at a higher concentration, was not 
previously known. The study is incom. 
plete, but it seems fairly certain that a 
protective phosphate film on the iron was 
in turn protected from bacterial attack by 
the presence of tannate in the soil. It also 
seems from other archaeological evidence 
that phosphate alone is not enough. This 
may be of value in the protection of present- 
day buried pipelines, which have been 
estimated to cost England and Wales 
£5,000,000 a year owing to losses by 
corrosion in water mains alone. 

Until there is an Archaeological Re- 
search Association fitted with modem 
equipment for the study of ancient 
methods, it is not only inevitable but also 
desirable that such work should be 
carried on wherever there is equipment 
and skilled staff to whom its operation 
is a matter of routine. An_ increased 
awareness of its mutual value would 
foster direct, systematic contact between 
archaeologists and scientists other 
fields, and this in turn would help to 
make evidence more generally available. 


REFERENCES 


(1) Weezer, Sir Mortimer, M.O.W. excavations, 
Stanwick, Yorkshire, 1952 (in preparation). 

(2) Savin, E. and France-Lanorp, A. (1951) : 
Museum, 4, No. 3, 190. 

(3) oo HEpvALL, J. (1952) : Museum, 5, No. |, 


(4) The British Cotton Industry Research Associaton, 
1952 (unpublished report). 

(5) AnsreE, J. W., M.O.W., Ancient Monuments 
Laboratory, 1952 (unpublished report). 

(6) Forest Products Research Laboratory Annual Report, 
1949, 31-32. 

(7) Farrer, T. W., Brex, L. and Wormwett, F. 
(1953): 7. Appl. Chem., 3, 80-84. 


436 


Ar the 
day, § 
paper 
way 0 
| Mary 
deaf. 
of chil 
Th 
Ep 
| Au t 
gether 
| those 
| but b 
learnt 
some 
Thi 
| the To 
Educ: 
tion f 
| class | 
| Th 
: speec 
| name 
| condi 
mem 
7 have 
memb 
new 
old | 
total] 
worl 
becai 
| ently 
txag 
total 
time: 
q othe 
| the 1 
| canr 
thin! 
the 
| such 


valent 
Scrap, 
imilar 
ricidal 
snot 
ncom- 
hat a 


»dern 


THE EDUCATION OF THE DEAF 


Ar the Belfast Meeting of the Association, Section L (Education) held a session on Mon- 
day, September 8, 1952 relating to the Education of the Deaf. Sir Richard Paget’s 
r on the education of the totally deaf was read in his absence by Mr. E. S. Greena- 
way of the Yorkshire Residential School for the Deaf. Mr. R. Askew, Principal of the 
Hare Grammar School for the Deaf, dealt with the higher education of the 

deaf. Finally Prof. A. W. G. Ewing, of Manchester University, considered the problems 


of children with defective hearing. 


The papers are given below, in the order in which they were delivered. 


EDUCATION OF THE TOTALLY DEAF 
by 
Sir Richard Paget, Bt. 


AL too often the deaf are ‘ lumped ’ to- 
gether: the totally deaf from birth ; 
those who are born with normal hearing, 
but become totally deaf before they have 
learnt to speak ; and the rest who have 
some trace of hearing. 

This session is limited to the Education of 
the Totally Deaf, and all honour is due to the 
Educational Section of the British Associa- 
tion for having chosen this much neglected 
class for special investigation to-day. 

The born-deaf, or the deafened-before- 
speech, have no conception of words or 
names ; they realise events as a whole, or 
conditions as a whole. They can re- 
member events and conditions which they 
have experienced, but they cannot dis- 
member these experiences so as to build up 
new structures by the rearrangement of 
old bricks! And so it comes that the 
totally deaf are cut off from the hearing 
world not merely by their deafness, but 
because their minds work entirely differ- 
ently from ours. It is probably not an 
exaggeration to say that the uneducated 
totally deaf are a million years behind the 
times! They can copy the actions of 
others, much as the higher anthropoids 
can copy human actions, and thus learn 
the technique of various trades—but they 
cannot originate and they cannot logically 

For logical thinking depends upon 
€ rearrangement of ‘ units of thought,’ 
such as our words ; but the units of thought 


437 


of the uneducated deaf are so vague and 
shapeless that they cannot be fitted to- 
gether with any precision. ‘The mental re- 
sults are therefore correspondingly vague, 
and immensely inferior to the more or less 
logical conclusions of hearing people. 

I have learnt much about the mentality 
of the uneducated deaf from Prebendary 
Albert Smith of the Royal Association in 
Aid of the Deaf and Dumb. He has spent 
his whole adult life in ministering to the 
deaf of all categories—in getting to appre- 
ciate their ways of ‘ understanding ’ and to 
realising their needs. He is expert in the 
use of the Natural Sign Language—the 
pantomime of events—by which the born 
deaf express themselves. He told me how 
he had once asked a born deaf man who 
had been taught the use of words if he 
could remember how he thought before 
he knew words. The answer was: ‘I 
think it was like a silent film with no 
captions.’ A very illuminating answer ! 

The pantomimic Natural Sign Lan- 
guage which accompanied this primitive 
mentality still has its uses to-day. In 
August of 1935, there was a great gather- 
ing of deaf athletes in London from four- 
teen different nations. They competed 
at Wembley Stadium, and on the Sunday 
they all attended an undenominational 
service in St. Paul’s Cathedral. The 
service was conducted throughout in the 
natural pantomimic signs of the born- 
deaf, without any use of finger-spelling. 
Yet all the fourteen nations were able to 
understand, and Prebendary Albert Smith, 
who had taken part in conducting the 
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service, described to me how, after the 
service, he had seen groups of the deaf 
congregation discussing the sermon, in 
natural pantomime. 

But generalised pantomime is a blind 
alley which leads nowhere ; it ignores the 
use of words, and is of no help towards the 
acquisition of speech or of thought in 
terms of verbal units. The oralists have 
been right in condemning the use of the 
natural sign language. What is seriously 
open to question is their opposition to the 
experimental use of a systematic sign 
language in which every sign is the 
equivalent of a spoken word. For, as will 
be shown later, there are circumstances in 
which pure oralism fails, and signs of 
some kind become essential to the full 
conveyance of meaning. 

In the year 1934, when I was already 
interested in the forms of sign language 
used in different parts of the world, 
Prebendary Albert Smith suggested that 
what the born-deaf needed was a system- 
atic sign language in which each sign was 
the equivalent of a spoken word. He 
thought that if such a sign language were 
evolved, and used in communicating with 
a young totally deaf child, as a hearing 
mother talks to her young hearing child, 
it was probable that the deaf child would 
pick up the signs as easily as a hearing 
child picks up words. In this way, the 
deaf child might acquire a vocabulary of 
verbal signs which it would use at first in 
the place of spoken words, and in the same 
order as spoken words. 

Now it is well known that an intelligent 
hearing child of 4 to 5 years should have 
a vocabulary of about 2,000 words. If, 
therefore, the totally deaf child proved 
equally apt at acquiring the systematic 
signs, it should be able to enter the board- 
ing school at the age of 4 or 5 years 
equipped with a vocabulary of about 
2,000 hand-signs equivalent to words, and 
the ability to use them in the normal 
English way. Such a child should be rela- 
tively easy to educate, for it could explain 
its difficulties, and ask its questions in a 
sign language which any teacher of the 
deaf would quickly be able to learn, and 
would be able to understand its teachers’ 
explanations. Under present conditions, 
a totally deaf child of 4 to 5 years would be 
lucky if it knew 200 words ! 


In this connection Mr. Greenaway hy 
made the interesting suggestion that j; 
teaching the young deaf child the ne, 
sign language, its teachers should s 
while they signed, so that every hand. 
gesture would be accompanied by a mo 
gesture which meant the same thing. This 
combination of hand- and mouth-sigy 
should greatly facilitate the subsequen 
teaching of oral speech and lip-reading, 
It might be supposed that the deaf child 
would have great difficulty in simultane. 
ously observing hand- and mouth-ge. 
tures ; but the late Mr. Leslie Edwards 
who was totally deaf from the age of 7, 
and had the widest experience of the 
practical problems of deafness, assured 
me that he had no difficulty in watching 
hand- and mouth-gestures simultaneously, 
and did not consider that it would be a 
all difficult for the average deaf child to 
do so. He added that he personally 
preferred hand-reading to lip-reading ! 

The oral school aim at making the 
deaf (including, presumably, the totally 
deaf) appear to be normal, viz., by good 
lip-reading, good articulation and a 
sufficient vocabulary to enable their pupil 
to carry on simple conversation. It 
follows, therefore, that they attach prime 
importance to speech and lip-reading; 
but in the absence of an initial language 
in which to communicate with the totally 
deaf child, both these are extremely difficult 
to teach, and impose an unnatural nervous 
strain on all but the exceptionally gifted 
deaf. 

The gestures of lips, tongue, etc., on 
which speech depends, are mainly in- 
visible, since they are made inside the 
speaker’s mouth. Even the lip-gestures 
of p, b, and m, which are visible, cannot be 
distinguished from one another because 
the differences are made by _ invisible 
adjustments of the true and false vocal 
cords, and of the soft palate. Successful 
lip-reading is therefore largely a matter 
of inspired guessing which is mainly 
dependent on knowledge of the spoken 
language. But, in the absence of a pre- 
existing sign language, knowledge of the 
spoken language must depend largely on 
lip-reading—‘ which,’ (as Euclid used to 
say) ‘is absurd.’ 

In this dilemma it seemed that the 
wisest course was to follow Prebendary 
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Smith’s advice, and try to build up a 
ystematic sign language. In some re- 
spects hand-gestures should have a real 
advantage over mouth-gestures, in that 
they would be much easier for the deaf 
child to read and imitate: for the imita- 
tion of voice-sounds otherwise than by hearing 
seemed to be almost hopelessly impossible. 
The sign language seemed likely to offer 
another notable advantage in that it 
should be easier to learn, understand and 
remember than any spoken language. 
For it should be borne in mind that all the 
languages of the world have been evolved 
by illiterate and primitive peoples, and 
that they are, in consequence, very un- 
systematic and illogical. On the other 
hand a systematic sign language should 
sign similar ideas by similar signs, so that 
the sign should be a pantomimic re- 
minder of its own meaning. 

We therefore began with a small pion- 
ering group, consisting of Mr. Bertrand 
Davis, (an actor interested in signing), Mr. 
Sidney Tafler, then a pupil at the Royal 
Academy of Dramatic Art, his friend, Mr. 
N. Rothfield, and myself as Chairman. 
Prebendary Albert Smith gave us frequent 
and invaluable help. After about a year 
of weekly meetings, the group had to dis- 
solve, and for the next fourteen years 
Lady Paget and I carried on the work 
of selecting or inventing suitable signs, lat- 
terly with the help of the Rev. B. T. Bean, 
of the Royal Association in Aid of the Deaf 
and Dumb. At present our vocabulary 
amounts to about 3,000 signs, of which 
about 900 are designed for quite young 
children. The principal signs of this 
children’s vocabulary have been recently 
filmed by the Wellcome Foundation, but 
it has not been found possible to exhibit 
the film at this meeting. One point of 
advantage has already been proved: the 
vocabulary of children’s signs is very 
easy to learn and remember. In 1948, 
Mr. Greenaway was preparing (with the 
consent of the Ministry of Education) to 
experiment with our new sign language 
at his school at Doncaster, and he sent 
one of his oral teachers to London to learn 
our children’s vocabulary. ‘This lady, 
who had had no previous experience of 
signing, learnt the 900 signs at the pheno- 
menal rate of 240 signs per hour! She 
demonstrated her knowledge by signing, 
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by herself, one of Edmond Dulac’s Russian 
fairy stories, after going through it once 
with me. Her whole instruction-period 
occupied only eight hours. It can hardly 
be doubted that a systematic sign language 
can be incomparably easier to acquire 
than any spoken language, and that the 
effort which teachers of the deaf would 
have to make in learning it would be well 
within their capacity ! 

The scientific work which has been 
devoted in recent years to the measure- 
ment of degrees of deafness, and to the 
development of hearing aids, has shown 
that only a relatively small percentage of 
the deaf are actually totally deaf; but it 
also appears that many of the claims which 
have been made of the successful teaching 
of speech to the deaf have related to cases 
of residual hearing, or of deafness appear- 
ing after the deaf pupil had already learnt 
to speak. It is clearly of scientific im- 
portance that degrees of deafness, and the 
dates of its oncoming, shall in future be 
not only recorded, but taken into account. 
A similar criticism may be made of the 
demonstrations of lip-reading in which 
pupils are not infrequently asked questions 
by the teacher to which the pupil already 
knows (and has practised) the answer. 
A real test of ability in lip-reading must 
depend on the ‘ reading ’ of a sentence of 
which the pupil does not already know 
the substance. 

I now come to a point of great import- 
ance in connection with Jip-reading— 
namely, its inability to deal with certain 
normal conditions in the life of the 
average deaf person, when he or she goes 
out into the world. The conditions under 
which lip-reading becomes at all reliable 
are seriously limited. The light must be 
good: the speaker and lip-reader must 
nearly face one another; the speaker 
must articulate reasonably well, and use 
his lips ; he must not hide his face (and 
particularly his mouth) under cover of 
a luxuriant moustache or beard, and he 
must avoid the use of any proper names 
or technical terms which are not already 
known to the intending Jip-reader. These 
are formidable obstacles, for at any large 
gathering such as a cathedral service or 
public lecture or conference, the chances 
that a totally deaf lip-reader will be able 
to understand an individual speaker are 
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very remote. It is no doubt for these 
reasons that at all large meetings at which 
deaf are expected to be present, inter- 
preters are provided to translate the 
spoken word into sign language, or finger- 
spelling, or both. 

But it follows that any pure oralist, 
relying entirely on his ability to lip-read, 
will be liable to find himself totally unable 
to understand what is being said—either 
because he cannot get a good enough view 
of the speaker, or his articulation is poor, 
or because the technical terms he uses are 
unfamiliar. The moral is that the deaf 
person trained to lip-read should have a 
second string to his bow—in the shape of 
ability to read finger-spelling, or better 
still, a third string also—viz., a working 
knowledge of sign language. It would be 
wise if, in preparation for the future, 
these additional ‘ strings’ were provided 
at the schools for the deaf before their 
deaf pupils leave. 

Another very desirable provision would 
be that all deaf schools should be required 
to keep records of the after-school experi- 
ence of their totally deaf pupils. At 
present the majority of such pupils are 
lost sight of, and become the charges of 
welfare workers for the adult deaf, who, 
because of the generally low standard of 
attainment in speech and language among 
the products of the oral schools, are com- 
pelled to rely on sign language and finger- 
spelling. Their experience is that the 
majority of the totally deaf do not learn 
enough words at school to be able to 
think, or to be able to express themselves 
in words. It would appear to be very 
desirable that the welfare workers for the 
adult deaf, who are responsible for the 
‘ after-care’ of the totally deaf, should be 
in some form of official contact with the 
schools, so that a measure of continuity 
might be ensured between the schools and 
their totally deaf pupils. 

So far I have barely referred to the two 
rival schools of thought in relation to 
the education of the deaf: the manual 
method (of hand-signs and finger-spelling) 
which was originally developed by ’Abbé 
de lEpée (1712-89), in France, and the 
oral method (depending on lip-reading 
and the imitation of mouth-gestures) 
developed in Germany by Samuel Hein- 
ricke (1729-90). For nearly 200 years 


these rival methods have fought om 
another, often with much rancour, ye 
there has never been (so far as my knoy. 
ledge goes) any scientific testing of thei 
respective merits. 

But in the matter of the education of 
the totally deaf (from birth or prior to the 
acquisition of language) the two method 
would appear to come together, for the 
‘ pure oralists ’ themselves now admit that 
many of the totally deaf do not respond 
to pure oral teaching, and have to be 
educated by silent methods. It is in this 
field that I would suggest the urgent need 
of scientific investigation as to how best 
the two methods could be combined. To 
what extent the two methods might be 
usefully joined in the case of the not. 
totally deaf is outside the scope of to-day’s 
agenda ; but it is well worth serious study, 

The fact is that there is a very close 
relation between expression by manual 
pantomime and expression by the tongue, 
lips, and other oral gestures which carry 
the meaning of human speech. It should 
be borne in mind that the noises of speech 
are quite secondary ; they, so to speak, 
carry the gestures and enable them to be 
subconsciously recognised in the dark, 
or round the corner. But it is easy to 
satisfy yourselves that speech without 
sound has a full measure of meaning. 
You have only to hold your breath, and 
talk without making any sound, and you 
will find that you are, quite definitely, 
expressing your meaning, even though 
only a good lip-reader could understand 
you! The ‘secondary’ noises which 
carry the gestures of speech have yet 
another function which should receive 
honourable mention: they express the 
emotional state of the speaker, in much 
the same way as his facial expression does, 
and moreover in a way that will function 
in the dark or round the corner ! 

The connecting link between hand- 
gesture and mouth-gesture lies in what 
Charles Darwin called ‘some kind of 
sympathy’ between the movements of 
man’s hands and those of his mouth, s0 
that (for example) children learning to 
write were seen to move their tongues in 4 
ridiculous fashion. Originally, primitive 
man (with a mentality probably very 
similar to that of present-day uneduca 
deaf mutes) must have expressed his ideas 
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by pantomime. But, without his knowing 
it, his mouth mimicked his hands. In the 
lat few years, the philological studies 
of Professor Alexander Johannesson have 
shown that in a large number of unrelated 
languages, the great majority of their root 
words are due to pantomimic mouth- 
gestures. So whether we express our 
meaning by hand or mouth, the mental 
processes involved are probably much the 
same. 

The important difference between the 
mentality of the uneducated deaf and that 
of normal hearing people is, as I have said, 
that the deaf do not analyse their general- 
ised impressions into separate elements 
because they have not yet learnt the 
analytical trick of thinking of one thing 
at a time. The primary object in the 
education of the totally deaf is to teach 
them this ‘ analytical trick’ to which 
mankind owes its present powers of 
thought and invention. 

In conclusion, I would like to mention 
an interesting experience which my wife 
and I had in South Africa. This was a 
thrilling interview with Dr. Helen Keller, 
the celebrated blind and deaf lady. She 
was keenly interested in the education of the 
born deaf, and had invented many signs 
for herself before she began her training 
in finger-spelling. I showed her various 
signs of our manual language, and she felt 
them for herself, and then copied them 
with obvious delight. I gave her a short 
account of a proposed experiment under 
which young deaf children would be 
talked to in signs, as a hearing mother 
speaks to her young children in words. I 
asked her if she had any message to give 
to the teachers of the totally deaf, and 
she answered: ‘Yes! Let the experi- 
ment be tried.’ 


Tue HIGHER EDUCATION 
OF THE DEAF 


by 
Mr. R. Askew 


The first recorded address appealing for 
secondary education for the deaf was made 
in 1899 by Mr. J. A. Tillinghast of Belfast. 
After Mr. Tillinghast’s address a committee 
was set up to ‘formulate some definite 
scheme of secondary education, or to make 
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suggestions thereon.’ Little, if any, real 
progress was made, although major con- 
ferences held in 1928 and 1930 were de- 
voted to the preparation of a scheme for 
establishing a grammar school. 

In 1932 H.M. Inspector, Dr. Eichholz, 
reported that ‘the deaf with higher 
education are few and far between and 
include, for the most part, persons of 
independent means who follow literary, 
artistic and social occupations.’ The 
majority of these were educated at one 
or other of two small, private schools. 

The first of these schools, established in 
Northampton in about 1860 by the Rev. 
T. Arnold, was then owned by Mr. F. 
Ince Jones and although it accommodated 
only about twenty boys it had a remark- 
able series of successes in such examina- 
tions as the Oxford Junior and Oxford 
Local examinations, and the London 
Matriculation. A few outstanding pupils 
proceeded to universities. 

The other school, which catered mainly 
for younger children and girls, was founded 
in 1883 by a young lady, Miss Mary Hare. 
By 1930 it had moved to Burgess Hill, ten 
miles north of Brighton, and Miss Hare, 
a woman of outstanding personality, was 
known and respected throughout the whole 
of the teaching profession. She had taken 
a very active part in preparing the plans 
for a national grammar school, and she 
was Chairman of the National College of 
Teachers of the Deaf when the first major 
conference was held in 1928. The eco- 
nomic state of the country in the early 
1930’s was such that the proposal to 
establish a grammar school for the deaf 
did not meet with a great deal of en- 
couragement. Naturally enough, no local 
Education Authority had a sufficient 
number of able deaf pupils of its own to 
require one, and consequently no local 
Education Authority was prepared to 
build one. Nor was any wealthy patron 
forthcoming so the project was postponed. 

In 1945, Miss Hare’s health began to 
fail, and it appeared that her school would 
have to close down; the Northampton 
School had already done so two years 
earlier. Mr. Edgar Mundin was asked if 
he would become its Principal, and he 
suggested that the Ministry of Education 
should be approached and asked if they 
would approve its conversion into a 
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national grammar school. Miss Hare died 
in November, 1945, leaving her school 
to be the foundation of the Mary Hare 
Grammar School, which opened as such 
in January, 1946, with Mr. Mundin as its 
Principal. 

The majority of the pupils were very 
young, the equipment was only suitable 
for very young children, and after six war 
years the supply of books and materials 
had virtually disappeared. It took until 
the April before the youngest of the child- 
ren had been replaced by a group of. 
fifteen senior pupils collected from schools 
for the deaf in most parts of the British 
Isles, following an improvised entrance 
examination. It was not until the follow- 
ing September that a real start was made 
with something approaching a normal 
grammar school curriculum and _ the 
nucleus of a qualified teaching staff. The 
new pupils ranged in ages from fourteen 
to sixteen years, while the twenty-nine 
pupils remaining from Miss Hare’s private 
school were from eight to seventeen 
years old. There were representatives of 
several nationalities, some pupils were 
born totally deaf, one or two were only 
slightly deaf, a few were extremely re- 
tarded and possessed of very little ability, 
but there were others who were outstand- 
ingly intelligent. A more heterogeneous 
group of forty-four children is difficult to 
imagine. They were housed in a building 
that was far too small for them, and 
materials of instruction, including essen- 
tial textbooks, were practically non- 
existent, but a grammar school for the 
deaf had come into being. That it 
managed to survive, and to grow and 
develop in so many ways, was very largely 
due to its principal, Edgar Mundin. His 
remarkable energy and vision, added to 
twenty years’ experience in the North- 
ampton School, gave the new school an 
aim and an impetus which enabled the 
difficulties to be overcome one by one. 
One great material change should be 
mentioned at this point. The Board of 
Governors were fully aware of the in- 
adequacy of the Burgess Hill premises, 
and they were able to purchase Arlington 
Manor, three miles north of Newbury, in 
the beautiful Berkshire countryside. After 
certain structural adjustments had been 
made, the Mary Hare Grammar School 


moved into its new home in October, 1949, 
We now have residential accommodation 
for seventy-five pupils, and hope to build 
the necessary extra classrooms as soon as 
the money can be obtained. 

It is now time for me to open the door, 
and show you the educational problems 
that face us in the School, and how we 
to deal with them. Perhaps it will be as 
well if I start by describing the selection 
of pupils. 

In the British Isles there are about fifty 
schools for the deaf with pupils within the 
appropriate age range. In December each 
year these schools are informed that an 
entrance examination will be held in the 
following February, and that applications 
should be submitted early in January. 
The written examination is completed 
in the candidates’ own schools, and 
this year was in four parts, short papers 
being set in English Language, English 
Composition, Arithmetic and General 
Knowledge. These papers provide evi- 
dence of a certain minimum standard of 
attainment without which it would be 
impossible to begin anything approaching 
a grammar school curriculum, but they 
do not necessarily distinguish between the 
abilities of the children and the skill of 
their teachers. A comprehensive head 
teacher’s report is also requested for each 
candidate, but again the standards vary 
from school to school, and the reports are 
usually of most value when deciding be- 
tween two or more candidates from the 
same school. There are other factors to be 
considered : the type and degree of deaf- 
ness, and in some cases, the age of onset 
of adventitious deafness. A child who is 
born totally, or very nearly totally deaf, 
has a much greater handicap than one 
who is partially deaf, and the partially 
deaf child’s handicap may also be rela- 
tively much greater than that of another 
who has only recently become deaf. When 
making the final selection the candidates 
who attain the required minimum standard 
in the written examinations are interviewed 
at the School. 

The interviews are as informal as we 
can possibly make them, four or five 
candidates at a time are invited to be 
come pupils for one day to see if they like 
the School. They are each welcomed on 
arrival by a junior pupil who acts as host 
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or hostess for the day, if possible a pupil 
who came from their own school one or 
two years earlier. They join in organised 

es and school meals, and are shown 
the dormitories and classrooms. They 
meet all the members of the teaching 
staff at some time during the day, and 
although they may think the teachers are 
very friendly and ready for a chat, they 
do not realise that all the teachers have 
specific assignments. After the candi- 
dates have gone home there is a full staff 
meeting at which all possible points are 
discussed. Toa large extent the interviews 
are qualitative, but we do attempt one 
quantitative estimate in the form of intelli- 
gencetests. A member of Professor Ewing’s 
staff has been present at the interviews 
for the past four years, and has carried out 
a vocabulary test and a performance test. 

We place the greatest value upon the 
results of the vocabulary tests, for ob- 
viously if the pupils are to benefit from 
a grammar school type of education their 
command of language must be excep- 
tional, especially in the case of the born 
deaf, who have acquired their language 
by slow and laborious means. ‘ Deafness 
is a continuing defect,’ and although our 
new pupils have been taught to under- 
stand what is said, and to hold fairly 
normal communication, they still have a 
lot to learn. Every new subject they 
study has a language of its own, Mathe- 
matics for instance, and especially Science, 
and the acquisition and proper use of 
these languages is far more difficult for 
a deaf child than for one who hears. 

A study of the Entrance Examination 
results since 1949, considering only the 
successful candidates, gives the following 
information :— 

1949 20 pupils admitted : 
Average vocabulary retardation of the 
whole group— 

2 years 1 month. 


Average vocabulary retardation of the 
Grade III pupils (i.e. born totally or 
severely deaf )— 

3 years 3 months.’ 
Two of the Grade IIB pupils, both par- 
tially hearing, had reading ages in advance 


of their chronological ages of up to 2 years 
6 months. 
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1950 14 pupils admitted : 
Average vocabulary age of the whole 
group— 
1 month in advance of chronological 
age. 
Average vocabulary retardation of the 
Grade III pupils— 
2 years 3 months. 
Four partially hearing and two pupils 
suffering from recent adventitious deafness 
were well in advance of their chrono- 
logical ages. 


1951 16 pupils admitted : 


Average vocabulary retardation of the 
whole group— 


1 year 8 months. 


Average vocabulary retardation of the 
Grade III pupils— 


3 years 0 months. 


1952 12 pupils admitted : 


Average vocabulary retardation of the 
whole group— 


1 year 9 months. 


Average vocabulary retardation of the 
Grade III pupils— 


3 years 0 months. 


A small scale investigation on the attain- 
ments of deaf children of school leaving 
age carried out more than half a century 
ago showed that they approximated to 
those of normal children in standards four 
and five, after making allowances for the 
language difficulties experienced by the 
deaf. This can probably be regarded as 
a four to five year retardation. 

A report published in 1929, speaking of 
the selected pupils who would be likely to 
benefit from a grammar school education, 
said ‘ It is generally held that such children 
suffer a linguistic retardation of about 
three years as compared with hearing 
children of similar age. This retardation 
necessarily slows down the acquirement 
of knowledge, and, therefore, it cannot be 
expected that, age for age, deaf children 
will attain the standards of the hearing in 
academic subjects of study.’ I think our 
results provide striking confirmation of 
this estimate, particularly in view of the 
very small proportion of the total number 
of deaf pupils we are selecting. We can 
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only accommodate approximately 2 per 
cent. of the pupils at present in schools for 
the deaf. 

If the School is to serve a useful purpose 
it is necessary to know what its aims should 
be, what it is setting out to do, in order 
that the most efficient means may be 
employed in order to achieve its objects. 
There has been a gradual evolution in the 
ideas and ideals concerning the education 
of the deaf ever since the days when in 
Sparta they were left to die in the pit of 
Taygetus, or in Rome where they were 
thrown into the Tiber. The early schools 
were established by charitable citizens as 
asylums for the deaf, and provided refuge 
where they were in a community of their 
own kind; where they were protected 
and cared for. It soon became evident 
that apart from their handicap of deafness, 
the pupils were capable of becoming use- 
ful citizens, and the existing schools, in 
addition to teaching language, began to 
develop manual training departments. 
In practical work the effects of language 
limitations are much less important, and 
countless deaf boys and girls have been 
taught skilled trades which have enabled 
them to live happy and useful lives. The 
deaf still need an education with a practi- 
cal bias, and it is now time for a technical 
school to be established at least comparable 
in size and status to the Mary Hare 
Grammar School. 

These aims are not satisfactory when we 
consider the intellectual abilities of the 
Mary Hare Grammar School pupils. We 
should rather try, as the late Sir Fred 
Clarke expressed it, to ‘ liberate the innate 
intelligence of our pupils,’ so that we may 
really ‘ help each individual to realise the 
full powers of his personality, body, mind, 
and spirit, in and through the active 
membership of society.’ 

The society in which we all live is a 
hearing, speaking, working and playing 
society, not a restricted, small deaf com- 
munity with a limited language of signs, 
meeting only at intervals. If, therefore, 
we are to achieve our aims, our pupils 
must be able to communicate by means of 
speech and lip-reading. What is perhaps 
even more important, they must have 
confidence in their own abilities to mix 
freely with strangers, to speak to them in- 
telligibly, and to lip-read them without 


undue difficulty. They must have a stop 
of knowledge which they know they shar 
with all educated people, and they mug 
be able to increase their store by the on 
means which to them will ultimately fp. 


come the easiest and most reliable—hy . 


reading. 
I cannot, within the time allowed, 
describe in detail all the ways in which we 
try to achieve our aims. After mornin 
assembly each day, at which we sing a 
hymn and one of the prefects reads a shor 
passage from the Bible, all pupils have 
half an hour of speech teaching and speech 
correction, in groups according to their 
particular requirements. We try to us 
every trace of hearing that our pupik 
possess, and even the most severely deaf are 
trained to recognise sounds and rhythms 
by the use of individual hearing aids. 
After speech, they go to their own forms 
for the usual lessons that are taught in all 


grammar schools ; each subject with it } 


specialist teacher. Each form has at least 
one lesson period a week—the library 
period—when they are free to use the 
library under the supervision and guidance 
of their own form teachers. They are 
helped in the selection of suitable readers, 
in finding information required for other 
lessons, and in understanding the classifi- 
cation and cataloguing, which is the re- 
sponsibility of those senior pupils who are 
the librarians. All pupils are encouraged 
to read, and to keep records of the books 
they read. Apart from the library periods, 
we use what may be termed the ‘free access 
system’—anyone can borrow any book at 
almost any time. 

When the school buildings were being 
altered, an old loft in one of the outbuild- 
ings was converted into an_ excellent 
studio, and we are able to provide facili- 
ties for the many forms of art which can 
to some extent provide the emotional and 
aesthetic outlet which music provides for 
people with normal hearing. 

In any residential school, one problem 
that arises is how to provide something 
that the children can do after the lessons 
are over for the day. In a co-educational 
school, where the boys and girls share 
everything except dormitories and toilet 
arrangements, the problems are even 
more acute. We try to provide a very 
wide range of clubs and activities so that 


444 


it i 
inte 
pro 
ma 
gal 
wh 
the 
ant 
mo 
pu 
cel 
an 
| do 
Co 
for 
int 
vis 
an 
TI 
Pi 
co 
lik 
C 
th 
la 
th 
is 
Si 
| si 
a 
| a 
|| 


it is possible to keep them all busy and 
interested, and to reduce our disciplinary 
problems to a minimum. The juniors are 
mainly interested in Guides and Scouts, 
ames and physical training ; in each of 
which they compete with other children in 
the district or the county, in folk dancing 
and dramatic work, carpentry and aircraft 
modelling, and keeping rabbits. The older 
pupils prefer ballroom dancing, and re- 
cently square dancing, chess and draughts, 
and table tennis. Photographic work is 
done in our own darkroom ; the social 
Committee arranges weekly Social events 
for Saturday evenings, to which visitors are 
invited ; the Library Committee super- 
vises the library, purchasing new books 
and supplying the daily and weekly papers. 
There is also a Beekeepers’ Club, and a 
Pig Club, but this list is not by any means 
complete. 

There is one society I would especially 
like to mention—the School Magazine 
Committee. Everything connected with 
the Bluebird, from the title to the detailed 
layout, is the result of the pupils’ own work. 
A member of the teaching staff presides at 
the General Meetings, but the real work 
is done by the Editor and the Editorial 
Staff. The pupils control the business 
side also, and give the necessary instruc- 
tions to the printers, correct the proofs, 
and distribute the magazines when they 
are printed. 

As far as possible our pupils are en- 
couraged to join societies and clubs in 
Newbury, and to take an active part in 
local activities and social functions. More 
than twenty of them joined evening 
classes last winter at the South Berkshire 
College of Further Education, in such 
subjects as dressmaking, cabinet making, 
advanced art, typing and technical draw- 
ing. Cyclists explore the countryside for 
miles around, and trips of thirty to sixty 
miles are not at all unusual. 

There is reason to believe that our 
methods have been fairly successful, and 
the enormous amount of work done by the 
staff of the school has had some reward. In 
1949, only three years after the School was 
founded, twelve senior pupils were entered 
for the Oxford School Certificate, and all 
twelve obtained certificates. Altogether 
they took 115 papers, and twenty-six ‘ A’ 
marks were awarded. In 1950, following 
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the removal to the new premises, no candi- 
dates were entered for external examina- 
tions, but in 1951, eleven pupils competed 
for the new General Certificates of Edu- 
cation, two of them at Advanced levels. 
Five passes were obtained in papers at 
the Advanced level, and fifty-four at the 
Ordinary level, out of a total of seventy 
papers taken, figures which compared 
favourably with the results throughout the 
whole country. This year two pupils took 
papers at the Scholarship levels, and seven 
at the Ordinary level of the General 
Certificate of Education examination. 

In offering these figures, I merely wish 
to demonstrate that there are deaf child- 
ren capable of benefiting from a higher 
academic education. We do not expect 
all of our pupils to obtain a General Cer- 
tificate, we would rather present them 
with the opportunities for a wide, cultural 
education than insist upon documentary 
evidence that they have attained a certain 
standard in a given subject. In such a 
small school as ours it is possible to know 
each child personally, to meet his needs and 
help him to overcome his own particular 
difficulties, and to prepare him to a great 
extent for the career of his choice. The ex- 
ternal standards of the General Certificate 
help us to assess the work we are doing in 
comparison with other schools. They also 
provide satisfactory evidence to employers 
that our pupils have attained recognised 
standards. These examinations are still 
necessary for any pupils wishing to proceed 
to universities, or to be admitted to the 
membership of most professional associa- 
tions, and we have two pupils entering 
universities this year. 

What happens to our pupils when they 
leave school is no concern of mine— 
officially—but in practice it is a matter of 
the greatest importance. One young man 
obtained his General Certificate with passes 
in nine subjects, and is a student architect 
in the education department of one of the 
largest cities in the British Isles. A girl 
who was in the same form is now employed 
as a technician in the pathological labora- 
tory of a large hospital, and is studying for 
a degree. Another girl, born totally deaf, 
has successfully completed the first two 
years of a three year course in chiropody 
at a London Polytechnic. Our first head 
boy is apprenticed to a quantity surveyor 
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and is studying for his Fellowship of the 
Royal Institute of Chartered Surveyors, 
having already completed two years of his 
training. Two girls have taken to art as 
their careers, the one who designed the 
cover of our Bluebird already earns a 
satisfactory income as a free lance artist, 
and the other is still studying at an art 
college. Of the twelve pupils who took 
the School Certificate Examination in 
1949, eleven are continuing their studies 
either at colleges or other institutes, or 
by correspondence courses and evening 
classes, and they are aiming at higher 
qualifications. ‘The twelfth member, our 
most attractive and charming first head 
girl, was married last month and thus 
established another precedent. 

There is much that I have left unsaid, 
but I would like to end by quoting once 
again from the speech made fifty years ago 
by that worthy citizen of Belfast, Mr. 
Tillinghast. Before I do so, may I draw 
your attention to these facts :— 


In 1946 our first intake of selected 
pupils were drawn from ten schools for 
the deaf in the British Isles. 

In 1952, twenty-six schools entered 
candidates for the Entrance Examina- 
tion. 


Mr. Tillinghast said :— 


* As soon as a relatively high standard is 
set up for admission to the school, every 
other school in the country will begin to 
compare that standard with its own, and 
under the pressure of public opinion will 
devise ways and means of reaching it. 

Farther yet in the future, think of the 
powerful reflex influence that the highly 
educated deaf would certainly exert upon 
their brethren behind. More effective by 
far would be all this than every other 
stimulus we could bring to bear upon our 
national field of deaf-mute education.’ 


CHILDREN WITH DEFECTIVE HEARING 
by 
Prof. A. W. G. Ewing 


THE present century is witnessing a di- 
versity and abundance of growth in every 
field of education and this is true of that 
branch which is concerned with the edu- 
cational treatment of children and adults 


who are handicapped by deafness. This 
paper is concerned with three develop. 
ments in scientific research that promise 
greatly to benefit deaf children, but a 
brief statement of the general problem 
seems necessary. 

The discovery that even children totally 
deaf from birth can learn to talk and to 
understand speech by lip-reading was 
made in Spain, Britain, the Low Coun. 
tries, Germany and France, during the 
sixteenth, seventeenth and_ eighteenth 
centuries. At least three early Fellows of 
the Royal Society wrote on the subject, 
Dr. Samuel Johnson, on his return from 
the Hebrides, visited a small school for the 
deaf in Edinburgh at which speech and 
lip-reading were successfully taught and a 
good standard of general education was 
achieved. 

The Industrial Revolution brought a 
new form of effort for the deaf and a new 
problem. Charitable institutions were 
established and became segregated com- 
munities, whose inmates, in the absence 
of trained teachers, developed pictorial 
gestures into a language. A ‘deaf and 
dumb ’ tradition of silent communication 
grew up in many countries and can still be 
found to-day. Attempts to modify sign 
language and co-ordinate it with the 
French and English languages were made 
but without much success. Therefore a 
principle that every deaf child shall be 
given an adequate opportunity of learning 
to talk and of becoming literate was 
recognised by a Royal Commission in 
1889 and has governed British educational 
policy for the deaf ever since. Capacity 
to think in English, to read and write it, 
is held to be of equal, fundamental im- 
portance with capacity to lip-read and to 
speak. 

The three developments, resulting from 
modern scientific research, which this 
paper is intended briefly to summarise, 
are all related to that policy. They 
are :— 

(1) Investigation of the many varia- 
tions in history, degree and nature of 
hearing loss to be found among children 
handicapped by deafness. ‘The deaf 
child’ has proved to be a mythical 
person. Instead there are children 
handicapped by deafness in very vary- 

ing ways. 
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(2) A still more recent finding—that 
the onset of dumbness, due to deafness, 
can be prevented in earliest infancy. 
Children of two years old have learnt 
to lip-read and have begun to talk 
spontaneously, as a result of skilful 
training in their homes. 


(3) Fewer than 5 per cent. of pupils 
in schools for the deaf are incapable of 
hearing any sound. At least 60 per 
cent. of all pupils in British schools for 
the deaf can be trained to use hearing 
aids to the benefit of their linguistic 
development and social competence. 


(1) The range and variety of problems 
caused by deafness in childhood are 
vividly illustrated by the results of tests 
of children referred to the research unit 
of the Department of Education of the 
Deaf, University of Manchester, by otolo- 
gists and school medical officers. In the 
following table the ages of 781 children, 
when first referred for tests and edu- 
cational guidance, are given :— 
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research unit. Further study is being 
given to these variations, in investigations 
that are at present in progress and involve 
additional children. Of the children 
under five who are sent for tests almost all 
those who were born deaf or became deaf 
before the age of one use their voices 
purposefully and a few can talk a little, 
when we first see them. Among the child- 
ren under five who are believed to have 
experienced normal hearing until at least 
the age of one and subsequently to have 
become deaf, there is more evidence of 
natural development of the beginnings of 
speech and in the absence of such evidence 
there is always purposeful vocalisation. 
Of the children of school age who are 
referred for tests a majority are already 
talking, although very often imperfectly.” 
Much the most common cause of referral 
is educational retardation. Loss of hear- 
ing after meningitis (cerebrospinal or 
tuberculous) is a frequent cause and calls 
for special educational treatment to con- 
serve speech habits already acquired and 


TaBe I.—Ages of 781 children, referred for tests, 1948-51. 


ae 1s 39 143 127 106 80 56 47 


It will be noted that the largest numbers 
of children per age level were referred at 
two years, three years and four years. This 
is attributed by our workers to the interest 
taken by the medical profession and the 
general public in research (led by Dr. 
Irene Ewing, during the past ten years) 
into the problems of deafness in infancy 
and early childhood. It will also be noted 
that throughout the ages of compulsory 
attendance at school, children who are 
handicapped by deafness continue to be 
found. 

Five hundred and eighty-eight of the 
children were found to be deaf or partially 
deaf and to need special educational treat- 
ment. Great variations were found in the 
stages of linguistic development which 
they had reached when first seen in our 


_| These figures and others included in this sec- 
tion have been obtained from reports by Mr. D. C. 
Kendall and Mrs. D. M. Watson, Wernher 
Research Fellows, and Mr. Peter Gaskill, a research 
assistant provided by the Medical Research Council. 


3.37. 27 22 16 13 8 6 
Total : 781 


to encourage and aid further linguistic 
development. 

In organising schools and classes for the 
deaf and partially deaf these variations in 
the previous histories of the children have 
necessarily to be taken into account. 
There are also all those variables that have 
to be considered in the provision of edu- 
cation for ordinary children. 

Until a comparatively short time ago a 
view was frequently expressed that deaf 
children tend to be innately limited in 
intelligence. The late Professor Rudolf 
Pintner, summarising American research 
on this problem up to 1941, estimated that 
‘the average 1.Q. of the deaf does not 
quite reach 90.’* The results obtained by 
British investigators, of whom the late Pro- 
fessor Drever and Dr. Mary Collins, were 


2 I am indebted to Mrs. D. M. Watson for 
collating and tabulating the data on which these 


conclusions are based. 
8 Pintner, R. et al (1941). Psychology of the 


Physically Handicapped. New York. 
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the first, contradict this conclusion and 
indicate a normal distribution of general 
ability among deaf children. In our Re- 
search Unit at Manchester investigations 
by Mr. D. C. Kendall among deaf children 
under five, and by Mr. Peter Gaskill and 
Dr. L. J. Murphy among 1,100 pupils in 
schools for the deaf and partially deaf, 
aged six to fifteen, have produced strong 
evidence that there is no abnormally large 
proportion of children with limited ability 
among either the adventitiously or con- 
genitally deaf. 

The Wechsler Bellevue performance 
tests of ability (both the child and the adult 
scales) when given to individual deaf 
children by psychologists specially trained 
to establish rapport with them, have 
proved reliable and are being successfully 
validated. With other tests of ability, 
such as the Progressive Matrices (1947) 
and tests of educational achievement, 
they are proving helpful in the ascertain- 
ment of children who, because they are 
handicapped by mental backwardness as 
well as deafness, need a form of education 
which is more predominantly practical 
than that provided for other deaf children. 
Our Research Unit has collaborated in 
the selection of candidates for admission 
to the Mary Hare Grammar School for 
the Deaf, and mental tests by one of our 
psychologists have proved a valuable part 
of the procedure. 

(2) The second development is the dis- 
covery that deaf children under three years 
can learn to understand speech through 
lip-reading and that when trained to com- 
prehend speech they make attempts to talk 
which are entirely spontaneous. This 
phenomenon, when first observed, was 
startling to my wife, who initiated the 
research that led up to it, and to me. 
Four and a half years ago Dr. and Mrs. 
Chapman of Bristol, who had previously 
visited our Research Unit to ask for my 
wife’s guidance in bringing up their 
daughter Eleanor, demonstrated to a large 
audience of teachers of the deaf, and to us, 
that at the age of one year and ten weeks, 
she had begun to lip-read and could 
respond by specific acts of behaviour to 
six different phrases spoken in a natural 
and conversational manner.’ Tests on 


1 Ewing, I. R. ‘ Deafness in young children.’ 
Nutrition and Child Welfare. June 1948. 


numerous occasions have indicated thy | 


Eleanor has no capacity to hear. A mo 
striking characteristic of this comprehep. 
sion through lip-reading was that it ap 
peared to involve no more than a casy 
and effortless watching of the speaker’ s face. 

Eleanor’s achievement was the result of 
training, given in her home, by he 
parents under expert guidance in way 
that were necessarily quite informal. She 
was one of more than thirty deaf children, 
whose ages ranged from twelve weeks t 
nearly three years, who had similar train. 
ing during 1947. By the age of two anda 
half some of the deaf children, whos 
parents have brought them to our Depart. 
ment on medical advice, have become able 
to understand, through lip-reading, a 
vocabulary of up to 500 words and phrases, 
On subsequent admission to a school for 
the deaf they have proved themselves better 
adjusted and socially more developed 
than other new pupils who have not had 
special training under expert guidance. 

If it is true, as the results of our Depart. 
ment’s investigations have so clearly 
indicated, that deaf children can begin to 
understand speech almost as early in life 
as ordinary children, it is necessary and 
right to ask that the ascertainment of 
deafness in infancy and early childhood 
and the provision of regional centres of 
expert guidance for their parents, be 
treated as an urgent national problem, in 
all countries. 

Recent research has shown that a 
majority of the pupils who at present are 
being admitted to schools or classes for the 
deaf or partially deaf have had their 
handicap since before the age of two years. 
In 1949 Dr. I. Goodman, an investigator 
provided by the Medical Research Coun- 
cil, reported an age of onset under two 
years among 61-9 per cent. of 344 pupils 
aged eight to thirteen years in schools for 
the deaf.2 In 1951 Mr. D. C. Kendall 
and Mrs. D. M. Watson stated that 86°8 
of 268 children of pre-school age, referred 
to our Department, had been deaf since 
before the age of two.* 

* Goodman, A. I. (1949). ‘ Residual capacity to 
hear of pupils in schools for the deaf.’ 7. Laryng. 
Oto., 43, 10, p. 567. 

3 Kendall, D. C. and Gutteridge, D. M. (1951). 
Ascertainment of defects of hearing in infancy and early 
childhood. (Unpublished report to the Medical 


Research Council.) 
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That deafness can be effectively ascer- 
tained within even the earliest weeks of 
life was shown in investigations made 
during the war period’ and the techniques 
of free-air testing, with use of performance 
material after the age of three years, 
which we then evolved by testing ordinary 
and deaf children, have continued to be 
proved reliable by audiometric tests of the 
same children when a few years older. 

(3) A third development, in work for 
deaf children, has been that of the new 
science of audiology. It was in 1892 that 
Dr. James Kerr Love, the young honorary 
aurist to the Glasgow Institution for the 
Deaf and Dumb, reported that fewer than 
5 per cent. of the pupils were totally deaf 
and that about 25 per cent. were only 
partially deaf and should not be educated 
with children who had no naturally ac- 
quired speech. As the result of his 
efforts the first British school or class for 
the partially deaf was opened, in Glasgow, 
in 1908.” 

During the last twenty-five years num- 
erous investigations, involving pure-tone 
and speech audiometry, have shown that 
amajority of pupils in schools for the deaf, 
as well as almost all those who are par- 
tially deaf, can be helped by hearing aids. 
Children with average hearing losses up 
to 80 decibels in the middle speech- 
frequencies (500 to 2000 cycles) have ac- 
quired capacity, as a result of skilful 
teaching that has involved the combina- 
tion of lip-reading with the use of auditory 

1 Ewing, I. R. & Ewing, A. W. G. (1944). ‘The 
ascertainment of deafness in infancy and early 
childhood.’ 7. Laryng. Oto., 59, 9, p. 317. 

* Watson, T. J. (1952). ‘Dr. James Kerr Love.’ 
Teacher of the Deaf, 50, 295, p. 5. 
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training units, to discriminate speech by 
hearing alone, to a valuable degree.* With- 
out a hearing aid, a moderately loud voice 
is only just audible to a patient who is as 
profoundly deaf as this, at a distance of 
one and a half inches from the ear. 

It is the experience of investigators in 
our Department at Manchester, that to 
give maximum help to children who are 
severely or profoundly deaf aids need to 
be capable of reproducing speech with 
high fidelity at levels of loudness up to 130 
decibels above the threshold of audibility 
for normal listeners. At present we are 
studying three factors :— 

(a) The construction of a technique by 
which deaf pupils and the parents of young 
deaf children can be guided to set volume 
controls to give maximum benefit in 
individual cases. Our evidence is that a 
variation of five decibels amplification is 
often critical to a child’s being given an 
opportunity to hear with what, for him, 
constitutes maximum accuracy. 

(b) The effects of reverberation and 
noise in rooms, especially in schoolrooms, 
on the accuracy with which deaf pupils 
can hear speech through hearing aids. It 
has become clear that this problem in 
acoustics is very similar to that which has 
to be studied in the design and construc- 
tion of modern studios for broadcasting. 

(c) Modifications in hearing aids to 
enable very young deaf children and 
children whose deafness is almost total, 
to benefit from auditory experience. 

8 Ewing, I. R. & Ewing, A. W. G. (1938). The 
Handicap of Deafness, p. 287. 

4 Watson, L. A. & Tolan, T. (1949). Hearing 


Tests and Hearing Instruments, p. 65 (quoted from 
Fletcher, H. (1928), Speech and Hearing, p. 204). 
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Christian Theology, is virtually a rewriting of the history of science in order to 
correct what the author regards as the undue emphasis placed upon the achieve- 
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E. pe BARRY BARNETT, 
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This book is intended for students 
reading for a University degree, the 
Associateship of the Royal Institute of 
Chemistry, or comparable qualification. 
After some preliminary chapters dealing 
briefly with atomic weight determina- 
tion, crystal chemistry and _ stereo- 
chemistry, quantum theory, nature of 
valency and radio-active change, the 
elements and their more important 
compounds are described systematically 
according to the Bohr classification, the 
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being given for each group. — 36s. net 
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A. W. MORLEY 
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Presenting the basic principles govern- 
ing the output and efficiency of the 
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**Touchstone” lectures delivered by senior mem- 
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different aspect of science, and collectively they 
discuss the effects of science and technology on 
man and on society. 
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By M. H. Quenouille, M.A., Oxford. 
Price 35s. 


Statistica] methods for dealing with associations 
involving attributes and qualitative character- 
istics, have received much attention in modern 
statistical texts. On the other hand, the methods 
for dealing with the associations between quali- 
tative measuremens, though of no less importance 
in their applications, have received far less 
attention. It is the purpose of this book to set 
forth these methods and to demonstrate their 
applications. 
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Edited by Professor J. W. Cook, D.Sc., 
F.R.S., Glasgow. Price 50s. 
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of recent developments in fields of organic 
chemistry, selected on the basis of their im- 
portance and topical interest as being likely to 
appeal to all classes of organic chemists. Each of 

e contributors is an active worker in the field 
which he has reviewed. Among them are Sir 
Robert Robinson, O.M., F.R.S., Professor D. H. 
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University, U.S.A. Price 50s. 


This text-book gives a new, radical treatment 
to the subject, as that branch of Advanced 
Calculus which deals with line integrals and their 
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about 100°C and above. 


Common Farm Weeds 
Illustrated 
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Weeds. The 170 black and white plates show each 
weed at two stages of growth, seedling and flower 
stage, thus ensuring the early recognition necess- 
ary for application of modern weed-killers. 
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Shell Chemicals 


The transition from raw material to 
industrial rubber, both natural and 
synthetic, is a complex process. 
Here, as in so many other industrial 
processes, chemicals from petroleum 
play their part, and Shell maintain 
rubber research laboratories at 
Thornton for this particular study. 
DUTREX R, a Shell product, is a 
softener and processing aid, made in 
Britain. Besides contributing to the 
tensile strength of the compound, 


DUTREX R gives the finished rubber 
greater tear resistance with less 
abrasion loss, less flex cracking and 
lower crack growth. For the layman 
who may find such technical terms 
obscure, this means in plain words, 
greater durability and better value, 
whether it be in tyres, tubes, 
anti-vibration pads or any of the 
hundred and one other items for 
which high-quality rubber is 
essential. 
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The Creation of the Universe 
PROFESSOR GEORGE GAMOW 


Another book by the author of Biography of the Earth and The Birth 
and Death of the Sun. It deals with the fundamental questions of 
whether the universe had a beginning in time, and whether it has an 
end in space. Like Dr. Gamow’s earlier books it provides an 
adequate survey for scientists which the general reader can also enjoy. 

Illustrated. 


Sourcebook on Atomic Energy 
SAMUEL T. GLASSTONE, D.Sc., Ph.D. 


This authoritative work discusses in clear and simple terms the whole 
absorbing story of atomic energy, its historical development, its 
present status, and possible future. Illustrated. 28s. 


Physies in Chemical Industry 
R. C. L. BOSWORTH, Ph.D., D.Sc., F.lnst.P. 


Dr. Bosworth provides in summary form an account of the mathe- 
matics, mechanics, properties of matter, thermodynamics, kinetic 
theory and other aspects of applied physics as these subjects are 
required in chemical industry. Illustrated. £3 10s. 


Man is a Microcosm 
J. A. V. BUTLER, D.Sc. 


‘“*Dr. Butler’s book stands out as unusually good. It has a two-fold 
purpose: to outline modern knowledge concerning the basic pheno- 
mena of life; and to correct the impression of life as a trivial accident 
and of man as not very different from a machine.”—The Observer. 

10s. 6d. 


The Floral Year 
L. J. F. BRIMBLE, B.Sc., F.L.S., F.R.S.A. 


‘With a lucid manner and an easy handling of scientific facts, the 
writer has given us a volume which will be widely welcomed by 
the lover of wild flowers.”—Sunday Times. Fully illustrated with 
coloured plates, photographs and drawings. 21s. 
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seeing for the scientist 


The scientist cannot see enough with his own 

eyes — he needs eyes that can look back to yesterday; eyes to 

follow a bullet in flight; eyes to stare into 
the heart of a furnace or to penetrate solid steel. 

Photography performs these and many other 

miracles with the aid of a wide variety of sensitised materials, 

and unceasing research is carried on by ILFORD Limited 
to ensure that the range available is always equal to the 


demand both in performance and in quality. 
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NEW FOURTH EDITION 
The High-Speed 
Internal- 
Combustion Engine 


Sir HARRY R. RICARDO 
LL.D., F.R.S. 
This Authoritative work has now been re- 
written by the Author to bring it fully up 
to date, while preserving the clarity of ex- 


position which characterized the old edition. 
40s. net. 


NEW SECOND EDITION 
Applied Heat for 
Engineers 


J-B. 0. SNEEDEN 
B.Sc., Ph.D., F.R.S.E. 


This popular text-book has now been en- 
larged in the second edition to cover com- 
pressors and gas turbines. 20s. net. 


Essentials of 
Fluid Dynamies 


With Applications to Hydraulics, 
Aeronautics, Meteorology 
and other Subjects 


Dr. LUDWIG PRANDTL 


This is a translation of the latest edition of 
Fuhrer durch die Stromungslehre with some 
more recent additions by the author. It is 
intended to be a guide to the whole subject 
of Fluid Dynamics, and will be read with 
advantage by both the beginner and the 
more advanced student. The emphasis of 
the book is physical rather than mathe- 
matical. 35s. net. 
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Medical Histories of the 
Second World War 


The first two titles to be published 


MEDICINE AND PATHOLOGY 
By V. Zachary Cope 
50s. By post SIs. 


EMERGENCY MEDICAL 
SERVICES: 
Vol. I: England and Wales 


Edited by Lt.-Col. C. L. Dunn 
50s. By post 51s. Id. 


Selected Government 
Research Reports 


Recent additions to the series 


STRENGTH AND TESTING 
OF MATERIALS 
(Vol. 6 in the series) 


In two parts sold separately 
Each 55s. By post 55s. 6d. 


LUBRICANTS AND 
LUBRICATION 
(Vol. 11 in the series) 

35s. By post 35s. 6d. 


Examples in Electrical 
Calculations 
A new edition of the well-known Admiralty 


handbook 
17s. 6d. By post 18s. 


Quantitative Inheritance 


Papers read at a colloquium held at the 
Institute of Animal Genetics, Edinburgh 
University, April 1950 


20s. By post 20s. 3d. 


Obtainable from 
H.M. STATIONERY OFFICE 


P.O. Box 569, London S.E. 1, and Sale Offices in 
London, Manchester, Birmingham, 
Cardiff, Bristol and Belfast,or through any bookseller. 
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=== that present mountainous mathematical problems? There 
‘ > A could be nothing simpler. All you need is one addition to : 
your staff—an unpaid mathematician of the first order. Our 
~ os -” calculating genius, the FACIT, will deal with all your figure 3 
problems—and justify its reputation as the world’s finest 
ten-key calculator, 
_ for full details or ask our representative to call, we moderns use 
out any obligation: 
BLOCK & ANDERSON LIMITED FACIT 


8/60 Kensington Church Street, London, W.8 
tales and Service from seventeen Branches throughout Great Britain 
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Four “ Electronic Engineering’ Monographs 
{ 


RESISTANCE STRAIN GAUGES 


By J. YARNELL, B.Sc., A.Inst.P. Price 12/6d. 


} This book deals in a practical manner with the construction and application of resistance strain gauges and 
| with the most commonly used circuits and apparatus. The strain-gauge rosette, which is finding ever wider 
{| application, is treated comprehensively, and is introduced by a short exposition of the theory of stress and 
1] strain in a surface. 

| 


| ELECTROPHYSIOLOGICAL TECHNIQUE 
By C. J. DICKINSON, B.A., B.Sc. (Magdalen College, Oxford) , Price 12/6d. 
The author describes the use of electronic methods as applied to research in Neurophysiology. Chapters 


are devoted to amplifying, recording and stimulating techniques used in physiology and medicine (e.g. electro- 
cardiography, electroencephalography, etc.). 


VOLTAGE STABILIZERS 


By F. A. BENSON, M.Eng., A.M.1.E.E., M.I.R.E. Price 12/6d. 
The subject of voltage stabilization is now very extensive and the newcomer will experience considerable 
difficulty in extracting the information required from the mass of published literature in a wide range of 


scientific periodicals. This monograph aims at removing such difficulties by reviewing the various methods 
of stabilization in use. 


CATHODE RAY TUBE TRACES 


By H. MOSS, Ph.D. Price 10/6d. 


| This monograph contains the elementary theory of common types of traces with notes on their production. 
H Emphasis has been placed on the geometrical interpretation of the patterns. Full notes on the techniques 
of the circuits required for the high degree of suitability are given at the end of the book. 


ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, LONDON, W.C.2 


CORPORATE MEMBERSHIP 


Firms, research associations, local and other authorities can maintain profit- 
able contacts with the whole field of science by becoming Corporate Members 
of the British Association. The present list of Corporate Members includes : 


W. H. Allen, Sons & Co., Ltd. Institution of Professional Civil Servants. 
Associated Electrical Industries, Ltd. | Joseph Lucas, Ltd. 
Association of Assistant Mistresses Macmillan & Co., Ltd. 


in Secondary Schools. Metropolitan Vickers Electrical Co., 
Babcock & Wilcox, Ltd. Ltd. 
Blackpool Education Committee. Murphy Radio, Ltd. 
Booth Museum, Brighton. Newforge, Ltd. 
British Electricity Authority. C. A. Parsons & Co., Ltd. 
British Thomas-Houston Co., Ltd. Parsons Marine Steam Turbine Co., 
City and Guilds of London Institute. Ltd. 
Wm. Denny & Bros., Ltd. Peter Brotherhood, Ltd. 
Derbyshire County Council. Society for the Promotion of Nature 
Drysdale & Co., Ltd. Reserves. 
Educational Institute of Scotland. Timber Development Association, Ltd. 
** Engineering,” Ltd. Ulster Weaving Co., Ltd. 
Ferranti, Ltd. Vickers Armstrong, Ltd. 
Heriot-Watt College. Wallsend Slipway & Engineering Co.. 
Incorporated Association of Asst. Ltd. 
Masters in Secondary Schools. Yarrow & Co., Ltd. 


Corporate Members are entitled to send as many as five representatives to the Annual 
Meeting of the Association and to receive publications. 


New Corporate Members will be welcomed by the Council and particulars of 
Membership will be sent on application to the Secretary, British Association, 
Burlington House, London, W.1. 
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PLATES and DISCS 
in 
TRANSPARENT and TRANSLUCENT 
VITREOSIL 


Translucent plates are eminently suitable for 

air baths and sand baths. They do not crack 

on heating, and they do not corrode. Trans- 

rent plate is ideal for observation windows 

in furnaces. Polished transparent discs are 

used wherever ultra-violet radiation has to be 
transmitted. 


THE 
THERMAL SYNDICATE Ltd. 
Wallsend, Northumberland 
12-14 Old Pye Street, Westminster, S.W. 1 


CASTLE 
DONINGTON 


POWER STATION 


British Electricity Authority(E. Midlands Division) 


LARGEST BOILERS 

IN GREAT BRITAIN 
The three BABCOCK boilers for this new 
Station, each to supply 830,000 Ib. of steam per 
hour, at 1600 Ib./sq. in. and 1060°F., to a 100 


Megawatt turbine, will be one and a half times 
as large as any previously built in this country. 


BABCOCK & WILCOX LIMITED 


BABCOCK HOUSE, FARRINGDON STREET 
LONDON, E.C.4. 


ROYAL 
TECHNICAL COLLEGE 
SALFORD 


Principal : 
P. F. R. VENABLES, Ph.D., B.Sc., F.R.1.C. 


FULL-TIME AND PART-TIME DEGREE 
COURSES in Engineering, Chemistry 
and Physics. 


FULL-TIME DIPLOMA COURSES in Building 
and Civil Engineering, Structural 
Engineering, Chemistry and Applied 
Chemistry, Electrical Engineering, 
Mechanical Engineering, Textiles. 


FULL-TIME COURSES in Art, Domestic 
Science, Intermediate Pharmacy, First 
Medical, Chiropody, Sanitary Inspec- 
tion. 


Prospectuses of the various courses may be 
had from the College on application. 


H. H. Tomson, 
Clerk to the Governors. 


THERMOMETERS 


* British made throughout. 
* Mercury and fluid type. 


* Standard thermometers of the highest 
accuracy covering a range of — 200°C. 


to + 520°C. 

* N.P.L. certificates supplied with any 
type required. 

* Manufacturers to B.S.S., LP., 
A.S.T.M., S.T.P.T.C., etc. specifi- 
cations. 


* Obtainable from all the principal 
Scientific Instrument and Laboratory 
Furnishers. 


B.BLACK SON LTD 


Established over too years. 


180 Goswell Rd., London, E.C. 1. 


Phone: Clerkenwell 2908 


Grams: ‘‘Gasthermo, Barb, London.”’ 
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The British Journal for 
the Philosophy of Science 


This quarterly deals, among other things, 
with the problems of logic and method- 
ology as found in natural science, and the 
characteristics which distinguish this philo- 
sophical approach from other ways of 
making sense of experience. As scientific 
journals do not usually find a place for 
philosophical problems, and philosophical 
journals are not usually written from a 
scientific angle, it is felt that this journal 
will satisfy a real need. 
GENERAL EDITOR 
A. C. Crombie, B.Sc., Ph.D. 

The Editorial Board consists of J. R. Baker, 
J. D. Bernal, H. Dingle, J. C. Eccles, 
H. Jeffreys, M. Polanyi, K. R. Popper, 
Bertrand Russell, E. Schrédinger, Charles 
— Sir Edmund Whittaker, and J. H. 

Woodger. 


Subscription 30s poet free 
Specimen copy 7s 8 


NELSON 


Parkside Works Edinburgh 9 
3 Henrietta Street LondonWC2 


The CHROMATOLITE: 


The ‘Chromatolite’ was designed by an exper 
to assist the chemist in locating and identifying 
substances after chromatographic analysis. |; 
generates a beam of short-waved fluorescing 
radiation (wave length 2537 A.U.) adequate to 
cover the full width of the standard two-dimen. 
sional paper chromatogram. It is one more in 
the wide Hanovia range of equipment for ultra. 
violet radiation in its varied technical, medical, 
bactericidal and industrial applications. 


Ask for leaflet, ‘ The Chromatolite.’ 
HANOVIA LTD. = 


Specialists in ultraviolet apparatus, 
SLOUGH, (Bucks.) 
London Showrooms, 3, Victoria St., S.W.1. 
T. 50 


GURR’S 


Established 1915 


STANDARD STAINS AND 
REAGENTS FOR MICROSCOPY 


KNOWN and USED 


THROUGHOUT 


THE WORLD 
Write for Catalogue A39 


NOW Ready 


BIOLOGICAL 
STAINING METHODS” 


5th Edition, considerably enlarged: ‘‘ the 
most complete manual of its kind.’’  IIlus- 
trated in colour. 5/6 post free 


GEORGE T. GURR LTD. 


136/138 NEW KING’S ROAD 
LONDON, S.W.6 


THE BRITISH 
INTERPLANETARY 
SOCIETY 


The B.LS., with over 2,000 members, is 
now the largest organisation in the world 
devoted to astronautics. Its Journal pub- 
lishes lectures presented to the Society, 
gives an extensive news coverage, and con- 
tains a complete classified and indexed 
abstracting service on rocketry and allied 
sciences. 


Membership is open to all ; Fellowship te- 
quires degrees or equivalent qualifications. 
Rates are as follows: Entrance Fee: 10/6; 
Fellowship: £2.12.6; Membership: {1.11.6 
(£1.1.0 if under 21). 


A copy of the Journal, together with details 
of the Society and its lecture programme, 
may be obtained from the Secretary at: 


12 Bessborough Gardens, 
London, S.W.1 
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THREE NEW BOOKS 


PHOTO-ELECTRIC MULTIPLIERS 
by S. RODDA, B.Sc. F.Inst.P. 


This important new volume, written by an expert, 


ELECTRONIC = all concerned with this 
EOU IPMENT 83 x s§ins. 180pp. 46Illustrations. 22s. 6d. net. 


MODULATORS AND FREQUENCY 


For Industry and Research CHANGERS 
Applications include :- by D. G. TUCKER, D.Sc., M.LE.E. 
Resistance Welding, High Frequency A book thet wil prove of ~ prestest value to all 
arch, t - 
Heating, Marine Radar, and Power Conversion tenance of modulators and frequency changers. 
Timing, Counting, Weighing, Lighting, and 8} x s$ins. 232 pp. 115 Illustrations. 28s. net. 


Printing Controls. 


Wone Speed. T ‘ ELECTRICAL MEASUREMENTS 
oltage, Speed, Temperature, 
and Tension Regulators. PART II by D. KARO, Dr.Eng., A.M.LE.E. 
This volume dealing with a.c. measurements gives 
& particular attention to a.c. bridges and potentio- 
meters, 
Industrial and 83 x sh }ins. 3431 PP. 281 Illustrations. 30s. net, 
Special Valves 
include :- DIMENSIONAL ANALYSIS 
Thyratrons Magnetrons by H. E. HUNTLEY, Ph.D., B.Sc. 
i An i book di ional lysis fe 
Calves of Physics and Enginesting 
Photo-electric Cells Spark Gaps which has been well received. 
Rectifiers Bolometers 83 x s$ins. 147 pp. & Appendix. 208. net. 
. MACDONALD & Co. (Publishers) Ltd. 
BRITISH THOMSON-HOUSTON 16 MADDOX STREET, LONDON, W.1 
the PHONES: MAYFAIR 1064, 5841-2 
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Research... 


Each of the many producing units of this organisation has its own 

research laboratories, but the specially equipped Research and De- 

velopment Department now centralised in the new Swinden Labora- 
tHe uniteo -—« tries at Rotherham has a wider and more fundamental function. 


Research of this character and its application, of necessity, demands 
close co-operation with Industrial Research Associations and with 
academic and state research organisations. 


THE UNITED STEEL COMPANIES LIMITED, 17, Westbourne Rd., SHEFFIELD 10 


COMPANIES LP 


Spottiszvoode, Ballantyne & Co.Ltd 
GENERAL PRINTERS AND BOOKSELLERS 


We specialise in the production of all kinds of first-class. 
letterpress printing, including colour work. We have a 
modern plant, and an experienced staff is under expert 


supervision. 
Head Office: 1 NEW STREET SQUARE, LONDON, E.C.4 
Telephone: Central 5284. Telegraphic Address: ‘*‘ Spottiswoode, Phone, London ” 
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Wind Tunnel Technique 


By R. C. Pankhurst, D.I.C., A.R.C.S., Ph.D., 
A.F.R.Ae.S., and D. W. Holder, D.I.C., A.C.G.I., 
A.F.R.Ae.S8.,; both of the Aerodynamics 
Division of the National Physical Laboratory. An 
account of experimental methods in low- and high- 
speed wind tunnels, for all research workers in aero- 
dynamics. With 388 illustrations. 700 pages. 57/6 net. 
“* Well fulfils the needs of those for whom it was primarily 
intended.” —JOURNAL OF THE ROYAL AEKONAUTICAL SOCIETY. 


Structural Principles and 
Data (Handbook of Aeronautics No. 1) 


A famous work for many years among aircraft 
designers, technicians, draughtsmen and students, 
Pitman’s ‘Handbook of Aeronautics”’ has been 
radically transformed to meet the present-day re- 
quirements of the industry. ‘The first volume of the 
new work, published under the authority of the 
Counci! of the Royal Aeronautical Society, is now 
available. Part I, by W. Tye, O.B.E., B.Sc., 
F.R.Ae.S., deals with Structural Airworthiness. Part 
II, by J. H. Argyris, D.E., A.F.R.Ae.S., and P. C. 
Dunne, B.Se., A.F.R.Ae.S., deals with Structural 
Analysis. Profusely illustrated. 45/- net. 


The Microbiological Assay 
of the Vitamin B-Compler 


and Amino Acids 


By E. C. Barton-Wright, D.Sc., F.R.I.C. An up-to- 
date survey of procedure and methods of computation 
used in microbiological assay. Each assay is clearly 
described, and cultural details are given for the organ- 
isms used in the assays. Directions for the prepara- 
tion of stock solutions are also included. 18/- net. 
“‘ Of interest and value to all laboratories dealing with the 
analysis of food-stufis.”—cHEMISTRY AND INDUSTRY. 


Solution of Problems in 


Strength of Materials 


sy S. A. Urry, B.Sc. (Eng.), Lecturer in Mechanical 
Engineering, Wandsworth Technical College. An 
up-to-date textbook for students preparing for ex- 
aminations in Strength of Materials. It shows the 
derivation and application of the essential formulae 
by means of fully worked out problems, and includes 
a number of exercises with answers. A useful book 
for students preparing for the B.Sc. (Engineering) 
Degree, it also covers the syllabuses of the exami- 
nations for the Higher National Certificate in Mechan- 
ical Engineering and for the Associate Membership 
oi the professional bodies. 20//- net. 


Radioand Radar Technique 


By A. T. Starr, M.A., Ph.D., M.I.E.E. The author 
is well-known as an outstanding worker in the field 
of radio and radar, and in this important new book 
he provides designers and other advanced workers, 
and post-graduate students, with access to the whole 
body of modern knowledge concerning essential 
methods and techniques. He pays particular atten- 
tion to noise, microwave techniques, waveforms, 
pulse circuit techniques, and electronic tubes. Pro- 
fusely illustrated. 830 pages. 75/- net. 


Physical Gemmology 

By Sir James Walton, K.C.V.O., M.S., I’.R.C.S., 
M.B.. L.R.C.P., B.Se., F.G.A., F.A.C.S. Dedicated 
by gracious permission to Her Majesty Queen Mary. 
** Achieves a notable success in explaining the scien- 
tific facts behind the physical phenomena of gem 
minerals. ... should be of practical value to whose with 
a professional interest in the subject, and of absorbing 
interest to those indulging a hobby.”— JOURNAL OF 
GEMMOLOGY. With 400 illustrations. 30/-net, 


Sir Isaac Pitman & Sons, Ltd., Parker St., Kingsway, London, W.C.2 


BRITISH ASSOCIATION 


Membership Subscriptions 


In order that the Association may be enabled 
to continue its activities in the organisation of 
meetings, in the support of research, and in 
publication, the Council request Members to 
maintain their subscriptions, and others who are 
interested in the advancement of Science to become 


Members. For 


membership apply to 


conditions 


and privileges of 


The Secretary, British Association, 


Burlington House, Piccadilly, W.I 
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HANDBOOK 


OF 
SCIENTIFIC INSTRUMENTS 
AND APPARATUS 
1953 


to be shown at the 


37th Physical Society Exhibition 


Available early in March 


272 pages. 7s. 6d. post free. 
Orders, with remittances, to 
THE PHYSICAL SOCIETY 
1 Lowther Gardens, Prince Consort Road, 
London, S.W.7 


BOOKS 


ON 


NATURAL HISTORY 


AND 
BIOLOGY 


New, Second-hand, Old and Rare 
CATALOGUES ON REQUEST 


WHELDON & WESLEY, 
LTD. 


83/84 BERWICK STREET 
LONDON, W.!. Phone; GER 6459 


EVERYTHING FOR AQUARIST 
AND POND-KEEPER 


MODERN DESIGN AQUARIUMS 
AND STANDS. TROPICAL AND 
COLD-WATER FISH, PLANTS, 
NYMPHAEAS, MARGINALS, 
BOOKS, ALL EQUIPMENT 
Catalogues upon request. 


LIVE FROGS, ETC., FOR BIOLOGY 
Shall appreciate your enquiries. 


GARDEN AQUATICS & AQUARIA CO, 


Head Office: 
47 Gt. Guildford St., Borough, London, $.&.! 
"Phone : WATerloo 4894 


Branch : 10852 Finchley Rd., Golders Green, N.W.11 


THE WORLD’S LEADING 
INTERNATIONAL BOOKSELLERS 


GOOD PRICES PAID 
FOR RUNS OF LEARNED 
JOURNALS AND 
SCHOLARLY BOOKS 


STECHERT-HAFNER INC. 
NEW YORK : PARIS : STUTTGART 


LONDON OFFICE 


STAR YARD, CAREY ST. W.C.2 
(HOL, 0526) 
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METROVICK SCIENTIFIC EQUIPMENTA 


Electron Microscopes 
Phosphorus Pentoxide 
Vapour Traps 
GlowDischarge Vacuum 
Indi 
Spark Test Set 
Oil Diffusion Pumps 
7 to 3, soolitres per sec. 
High Vacuum Valves 
to 20° diameter, 
manually or power 
operated 


High Vacuum Pipework 
and Flanged Joints 


Pirani Vacuum Gauge 


Tonisation Vacuum 
Gauge 


Pirani Vacuum Relays 


Complete High Vacuum 
Pumping Plants 


Liquid Flow Relays 
Vacuum Furnaces 
Vacuum Coating 
lant for 
or for blooming optics 
Vacuum Cold Water De- 


Oil Stripper Units 
for 


vacuum pumps 
Permeameters 
Nuclear Physics Equip- 
ment 
Cyclotrons 
Betatrons 
Synchrotrons 


_Rotary Vacuum Pumps 


Shadow Casting Jig 


Evaporation Plant 
for shadow casting 


Vacuum Desiccator 
for drying plates 
Fluorescent Viewing Box 


Mass Spectrometers 
tectors 

Electron Diffraction 
Camera 


ment 


S. Band Test Bench 


meter 


The films “Research in Engineering” and “The Electron 


Microscope” are available to interested organizations. 
Applications should be made to the Publicity Department. 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 0 : 
Member of the A.E.I, group of compania~ 


Tilustrated. 


WAVES AND TIDES 
R. C. H. Russell, M.A., and Cdr. D. H. Macmillan, R.N.R. 


Recent events have tragically illustrated the practical aspects of waves and tides 
which, in addition to the theoretical knowledge requisite for effective treatment, are 


im this book expounded by two competent authorities. 


222922222: 


222 


22322229 


25s. net 


DRY ROT AND OTHER TIMBER TROUBLES 
W. P. K. Findlay, D.Sc. 


The 


of timber failures and their causes needs no emphasis. The whole 


subject is here treated in a readable manner by an eminent scientific investigator. 


Illustrated. 


25s. net 


Precision Current 4 
Stabi. 


Magnetic Crack Deu 
Magnetic Sorting Bridgy 


Creep Testing Equip 
ment 
H.V. Laborator; Equip. 


Large Electromagnets 
Freeze Drying Equip) 
ments q 


S. and X. Band Spectro 


THE HAND PRODUCED BOOK 
David Diringer, D.Litt., M.A. (Cantab.) 


This successor to the author’s Alphabet will rank equally as one of the most learned 
and most academic books of the century. The whole story of human re- 


cording is here told from cave paintings and pictographs to the invention of printing. 
Elaborately Illustrated. (Provisionally) 50s. net 


HUTCHINSON’S SCIENTIFIC AND TECHNICAL PUBLICATIONS An 
11 Stratford Place, London, W. 1. | : 


Printed in Great Britain by Spottiswoode, Ballantyne & Co. Ltd., London and Colchester a 


gassing Equipment 
Cold Traps—CO,— a Speed Recurrent 
: liquid air—refrigerated ave-form Monitor 
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